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Zooarchaeology is a science which is still experiencing 
growing pains. Uncertainties exist in it such as how to 
go·aboutexcavatingthe animal remains (Reed, 1970: 2; 
Gilmore, 1949: 1; Chaplin, 1965 :' 206), who should and 
should not engage in it (Reed, 1970: 2; Gilmore, 1949: 1�2; 
Olsen, 1971: 2) and how to interpret the results (Olsen, 
1971: 1; Reed, 1970: l; B3k6nyi, 1970: 292; Krantz, 1968: 
288). In a few archaeological circles, especially among 
some classical archaeologists, there is a question as to the 
validity of studying the bones at all. There is evidence -
that prejudice is gradually breaking down, however, and it 
is my hope that this report will aid in reaching that goal. 
New World archaeology has done much to point up the 
important contribution a study of the animal remains can 
give to the understanding of ancient cultures. Not only can 
the bones tell us much about what the people ate, but it can 
also help us understand the degree of socioeconomic com­
plexity reached by the society. Anthropologists are interested 
in the proportions of meat eaten from domestic and from wild 
animals. Concentrations of bones in a dig can help locate 
the kitchen-midden which can give much evidence as to the 
social and dietary aspects of the culture. Comparisons of 
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quantities of bones between sites can help in comparing the 
sizes of the communities involved. 
The problems are many in zooarchaeology. It is not 
possible to say, for instance, that for so many bones found, 
there was such and such a population. How do we know if the 
bones we are counting are from the same animal, from a few 
animals or from many animals? To solve this problem, dif-
ferent techniques of calculating the minimum number of indi-
vidual animals of a site have been developed (B8k6nyi, 1970; 
Krantz, 1968). The general principle is to count the number 
of bones which could only occur once in the anatomy of an 
individual animal. For instance, if five left femurs of the 
species Ovis aries were found, the minimum number of indi-
viduals eaten would be five. But this minimum may not nearly 
represent the total number of animals eaten. One must reckon 
with the fact that certain parts of animals were carried 
off to another spot to be eaten and that dogs and wild animals 
undoubtedly carried off many of the bones either to be buried 
elsewhere or gnawed and eaten up. These and other problems 
provide zooarchaeology as a science with challenges. 
The complications in this science are multiplied 
many times in classical Old World archaeology. In Mediter-
ranean digs, the main object is to find, photograph, record 
and lay bare for public view, major structures--temples, 
columns, forums, and amphitheatres. The problem here is 
understandable: when there is cake to eat, one doesn't 
worry about the bread. For the New World archaeologist to 
join a classical archaeological expedition and see the tons 
of potsherds, bones and other artifacts in the waste dump 
is disturbing. He cannot but think of the uncountable and 
tedious hours he spent on an Indian dig, for example, sifting 
and saving not only every potsherd, bone and bead, but 
charcoal and obsidian flakes as well. 
My discussion is in no way to be construed as a 
criticism of either New World or Classical archaeology. I 
do hope to get across the idea that some of the methods used 
by the one could be profitable in the execution of the other. 
It was my privilege to be associated with a classical 
archeaological expedition in Israel during the summer of 1972. 
During this experience, I learned much about zooarchaeology, 
but not only that, I became more aware of the problems of 
zooarchaeology. I can understand the reasons why classical 
archaeologists may have negative or indifferent attitudes 
towards such apparently trivial finds as bones. I sympathize 
with one hassled archaeologist who was trying to "get down 
to the Roman" within his limited time and who said when he 
found that he had to save all the bones, "Next they'll want 
us to save all the bits of charcoal, too:" I could not help 
but smile as I thought of the hours I had spent under the hot 
California sun doing just such collecting of trivia at an 
Indian site. 
Another major problem in classical archaeology where 
•a city or town is being excavated, is the fact that butcher 
shops (Chaplin, 1965: 205) were the distribution centers 
of •the meat. Unlike the case of prehistoric communities 
which relied mainly on hunted animals, in classical and 
not killed and eaten on the 
person's house, several 
others. This practice 
number of individuals" in 
medieval times the animals were 
spot, but a ham might go to one 
ribs to another and the legs to 
renders the concept of "minimum 
a place like Caesarea, where I did my work, almost meaning- 
less. Also, the concept of a stratigraphic analysis compli-
cates the study, but is important to a complete understanding 
of the cultures involved. It would be too simplistic to make 
any generalizations about all the bones coming from a cer-
tain square from the top to the bottom layer. The study, 
to be meaningful, must take into account the culture 
which is represented by the layer or particular locus from 
which the bone or bones are taken. 
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STATEMENT OF THE PROBLEM 
In this thesis, I have made a preliminary empirical 
study of the animal.remains of the 1972 Archaeological 
Expedition to Caesarea Maritima. The data involved are 
necessarily limited and a much deeper study could and 
should be done of the zooarchaeological material found 
during the expedition. Such a study would, however, take 
many months and would involve equipment and time which are 
not at my disposal at present. 
The main emphases of this thesis will be two: 
methodology and a statistical analysis of the distribution 
of the bones according to loci and animals. 
In discussing my methodology, I hope to be able to 
help others who in the future may have the opportunity to 
do the same kind of work and will benefit from an explana­
tion of the methods which I used and found effective. I 
will also mention some of the mistakes I: made so that others 
may avoid them. 
The statistical analysis will be designed to show 
the proportions of meat from different animals eaten and in 
different geographical locations. For instance, I hope to 
answer questions such as the following: 
a. Does a stratigraphic analysis of the animal
remains show a significant change in eating
habits throughout the history of the site? 
b. Is there a correlation between the number of pig 
bones (or lack of them) and the Arab pottery 
found in the same location? 
SCOPE 
The scope of this study has four dimensions: time, 
population, depth of analysis, and finances. 
Time  
The time limits refer to the duration of the 
expedition during which the bones were excavated. This 
study undertakes to analyze the identified mammal bones of 
the 1972 Archaeological Expedition to Caesarea Maritima in 
Israel. This includes the first and the second sessions 
stretching from May 16 until July 28, 1972. 
Population  
By population, I refer to a limited number of mam-
mal bones found during the 1972 Caesarea Expedition. 
First of all, only those bones associated with a strati-
graphic location are included in the population. This 
excludes all animal material found in balks or outside of the 
squares or adventitious bones felt to be contaminating 
material from an unknown locus. Secondly, only diagnostic 
bones, i.e., those which can be given a generic or specific 
classification were saved.1 
Depth of Analysis  
This study is a preliminary report and does not 
represent an in-depth analysis of these animal remains. 
These bones have not been broken down into species or even 
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genera. The categories used are the following: Large 
Ruminants, Small Ruminants, Suiformes, and Equidae. The 
analysis of this material will include a statistical analysis 
of the stratigraphic distribution of the bones and some 
inferences about the archaeological and anthropolgical 
signific�nce of this distribution. All bones and bone 
fragments found in stratigraphic locations.were counted and 
the total came to 6,782. Of these, 1,612 make up the 
main part of this report. 
Finances 
Another limiting factor was finances. Due to the 
high minimum wage law in Israel and the limited funds for 
the expedition, no local manual labor was used for excava­
ting and all the student volunteers were used in the field. 
This left me alone most of the time and with only inter-
. mittent help the remainder of the time. These limitations 
are therefore reflected in the amount of work I was a_ble to 
accomplish in the field.· 
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REVIEW OF THE LITERATURE 
The literature on zooarchaeology, although rather 
scarce, is sufficient to give an idea about what is being 
done in this field. The most important work I have found is 
a French volume entitled L'Origine des Animaux Domestiques 
en Palestine. The main objective of this book by Pierre 
Ducos (1968), as the title implies, is to shed light on the 
origin of domestic animals in Palestine. The means to this 
end is a statistical analysis of the mammal remains of 
16 different tells or archaeological sites throughout 
Palestine. 
The first of the four sections of this work deals 
with the methodblogy of classification and statistical 
analysis. 
The second section gives a descriptive an�, statis­
tical study of the various animal remains from these sites. 
For instance, when discussing Canis Linne, Monsie.ur Ducos 
refers to those bones from the site, in this case Wadi-
/ 
Gazze, which produced the greatest number of bones from 
this species. 
In the third section, the ·author breaks down the 
statistical analysis according to the eras represented by 
the different archaeological sites. For example, the 
Natufian and the Proto-Neolithic eras include the 
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remains from Ain-Ma.llaha, Wadi-Fallah,-El-Khaim and Taibe. 
The Bronze Age is represented by remains from Tell-Gat, 
Tell-Nagila and Naharya. 
In the fourth and final section, Monsieur Ducos 
·traces the domesti�ation of animals through the chronological
periods by charts and graphs depictirig the proportional
changes in the numbers of bones from wild and from domesti­
cated animals.
An article by Robert H. Dyson, Jr. entitled 
"Archeology and the Domestication of Animals in the Old 
World" {Dyson, 1953) deals with the same subject. His 
presentation is less statistical and more philosophical 
th�n that of Pierre Duc6se -
One of the most serious obstacles to the classifying 
of .zooarchaeological remains has been the differentiation 
between certain animals of similar structure and stature. 
The classic case is that of separating the sheep from the 
goats. Some scientists have dedicated years to this type 
of study. A very fine article dealing with this problem 
is "Osteological Differences between Sheep {Ovis aries 
Linn�) and Goat (Capra hircus Linne)." The author, 
J. Boessneck {1970), admits to the difficulty of making
this distinction and clearly defines his limits. He then 
sets out to help the investigator make this distinction 
with the aid of many illustrations arid measurements of 
bones from these two animals. 
He does not claim that all the bones of these two 
species can be distinguished in all cases, but tries to 
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show that many are diagnostic--probably more than is claimed 
by the majority of his colleagues. Among the bones 
Mr. Boessneck finds distinguishable are the cranial parts, 
the first two cervical vertebrae as well as the atlas and 
the axis, the tibia, the humerus, the scapula, the as­
tragalus {talus) and many others. 
This article is a condensation of a larger work 
done by Boessneck, Muller and Teichert which goes into even 
more detail. The condensation covers only the most promi­
nent characteristics of the bones most often found in 
archaeological excavations. 
Milton Hildebrand of the Department of Zoology, 
University of California at Davis, has written a similar 
article comparing the remains of deer, sheep and goats. 
The purpose of this article, "Skeletal Differences between 
Deer, Sheep, and Goats" (Hildebrand, 1955), is to help law 
enforcement officers to apprehend and prosecute poachers and 
game-season violators. His graphic and descriptive material 
can be helpful to anyone interested in the osteology of 
these animals, including the zooarchaeologist. 
"Species Criteria on the Distal Section of the Tibia 
in Ovis Ammon F. Aries L. and Capra Aegagrus F. Hircus L." 
by z. Kratochvil {1969) is limited to the tibia, but adds 
significantly to the resolution of the above-mentioned problem. 
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Several works have been published on general 
zooarchaeology. A masterpiece in this domain is the article 
published in the anthology Science in Archaeology written 
by Charles A. Reed and entitled "Osteo-Archaeology" 
(Reed, 1970). Two strong points of this article are his 
sections on field and laboratory techniques. Problems of 
excavation, cleaning and repairing of bones are dealt with 
here. In the last section on interpretation, Mr. Reed 
pleads for more careful and conscientious statistical and 
comparative analyses of osteo-archaeological remains. 
The book Bones for the Archaeologist is probably 
one of the most helpful aids to the zooarchaeologist. 
Written by I.W. Cornwall (1956) of the London University 
Institute of Archaeology, it first deals with generalities 
of the animal kingdom such as classification nomenclature, 
paleontology, evolution, the geological record, and animal 
groups of particular interest. Then he describes and dis-
cusses the vertebrate and mammalian skeleton as a whole 
and finally does a descriptive comparison of each bone in 
the skeleton. For instance, in the chapter on the fore-
limb, the scapulae of such animals as the hedge-hog, the 
mole, the human being, the hyaena, the badger, and elephant 
are compared in words and drawings. This book could be 
considered a "must" handbook for any zooarchaeologist. 
Other articles have been written on zooarchaeology. 
I will mention the one by Raymond M. Gilmore called "The 
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Identification and Value of Mammal Bones from Archeological 
Excavations" (Gilmore, 1949), "Zooarchaeology: Animal Bones 
in Archaeology and their Interpretation" by Stanley J. 
Olsen (1971) and "Animals in Archaeology" by Raymond E. 
Chaplin (1965). These three articles describe in general 
terms the science and art of studying the animal remains 
in archaeological excavations. Two other short articles on 
methods of determining the minimum number of individuals in 
a given site have been published recently in the American  
Journal of Archaeology. One is by Grover S. Krantz (1968) 
and the other is by the Hungarian S. BOkOnyi (1970). 
The study of articles and reports on specific work 
done at different sites is very helpful to others planning 
to do similar work. The following are a few such reports: 
"Vertebrate Remains from Wadi Dhobai, 1938 by Dorothea 
M.A. Bate (1938), "Mammal Remains from Horvat Beter 
(Beersheba), by S. Angress (1959) "Nytt om djur frgn det 
medltida fly Varberg" by Johannes Lepiksaar (1969) and 
"The Zooarchaeological Remains from Tell lisban (Heshbon)" 
by Oystein LaBianca (1971). 
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METHODOLOGY 
In describing my methodology, I will divide the 
subject into two parts: the techniques used in the field 
and the use of the Needle sort cards as a means of record-
ing and correlating the data. 
Field Methodology  
The data which I have collected and assembled for 
analysis in this study are of nature quite general and 
undifferentiated. Time and the lack of comparative material 
in the field have not permitted a deeper study to date. It 
would be desirable to have at hand at the excavation site, 
as some have suggested (Gilmore 1949: 165), skeletons 
of all the animals which could be expected to be found there. 
This is not always possible and often a compromise must be 
made. In the six weeks I spent at Caesarea, it would have 
been impossible, even with the aid of comparative skeletons, 
to classify as far as species (or even genera in all cases) 
all of the identifiable bones of the 6,782 bones and fragments 
found during the 1972 season. The osteological material 
from which the data were taken for this report has been 
sent to Harvard University for further analysis to increase 
the precision of the classification. Additional references 
may be drawn, and hypotheses formulated, from it at. a later 
date. 
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This lack of precision of the data used in this study 
in no way decreases its validity; it only limits its scope. 
I have chosen to use the method of classification recom-
mended by Pierre Ducos (1968: 2). He suggests two types of 
examination of the osteological material: the first he 
calls •"la c4termination brute" (the gross determination) •and 
the second is the osteometric determination. The first is 
easily done in the field, but the second is best reserved 
for the laboratory, if for no other reason than the fact 
that there is not enough time for it in the field. This 
report is based on the first or preliminary type of exam-
ination: the gross determination. 
Monsieur Ducosi instructions are to divide the 




d. Large Ruminants 
e. Small Ruminants. 
This study includes all but the Carnivorae. Three or four 
dog skeletons were unearthed and it is felt that their 
presence should be noted as important but that their inclu-
sion in the statistical analysis would not be significant. 
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Techniques of Classification and.Processing 
The first operation was to sort the bones and bone 
fragments according to which were diagnostic and which were 
not • .  In general, the bone fragments which had either the 
distal or the proximal end, could be classified and were 
therefore diagnostic. Shafts without either end and lacking 
any distinguishable protuberance, foramina, cross-section 
or other landmark were discarded. In many cases, however, 
shafts could be classified by their general shape and pro­
portions. Of the 6,782 bone fragments found and counted, 
1,612 were identifiable in the field. Another group was 
sent to Harvard University for analysis with the use of the 
comparative material there, and the rest were discarded •. 
Of the vertebrae found, I saved only the atlases and 
the axes because the others were not considered diagnostic 
(Cornwall, 1956: 116)2 {Ducos, 1968). The ribs were dis­
carded for the same reason. I believe that in the future I 
would save these elements. 
The cleaning of the bones was done with the use of a 
stiff brush. Most of them were covered with a calcareous 
deposit which resisted all but the most persistent efforts 
at scrubbing and scraping. Because a thorough cleaning 
sometimes caused damage to the bone, I did not undertake to 
remove any except the loose or very thick parts. For the 
application of the find spot number, however, it was necessary 
to scrape clean a patch with a k�ife blade. 
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The number was applied with india ink with no other 
product except in a few cases where the bone was so porous 
that the ink ran and made the number illegible. In this 
case a little fingernail polish was applied first and let 
dry before applying the number. In rare cases the bone 
was so small (usually bird and rodent bones) that it was 
necessary to apply a numbered tag. 
The number was taken from the paper bag in which the 
bones were brought from the field. The following is a 
sample number with its explanation: 
/-/‘ 
Field A 	6/8/72 	 
Area 3 
	 June 
	 Eighth Day 





After cleaning and numbering each bone, I made an 
initial sorting by putting all the femurs together, all the 
tibiae together, etc. In the beginning, I made no attempt 
to subdivide the elements: all teeth, for instance, were 
put together and all cannon bones were assembled no matter 
what size or shape. 
When the collection of elements attained a considerable 
size, I began sorting them according to animal type by first 
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lining them up on the table according to size. When there 
was an obvious division in the sizes, I made a preliminary 
separation. Then, with the help of printed comparative 
material, the elements were divided into the following 
groups: Large Ruminants, Small Ruminants, Suiformes, 
Equidae and Carnivorae. All others were set aside and not 
included in this study. 
In the course of cleaning, numbering and classifying 
the bones, many were found to be in need of repair or 
strengthening. To do this I used white, watersoluble glue. 
For a more detailed explanation of these repairs, see 
Appendix I. 
Needle Sort Cards  
The characteristics of each identified bone were 
put onto a needle sort card. The use of these cards has 
been a major feature of this research project and I am 
therefore of the opinion that a detailed explanation of 
their use would help other field workers to obtain the same 
benefits from their use as I have. I tried, but was unable, 
to obtain the printed 220-hole cards prepared by Professor 
Barbara Lawrence of Harvard University in time for the 
expedition. I highly recommend the use of her cards, which 
are capable of receiving data from nearly any animal in 
the world. 
If, however, as in my case, the field worker is 
unable to obtain these cards, the information from her cards 
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can be adapted to master cards. These can be superimposed 
on each blank card, one at a time,· at the moment of recording 
or sorting. For the categories which I included on my master 
cards, see Appendix I. 
By way of explanation of the cards, I will quote 
from the discussion at the end of the instructions for 
Barbara Lawrence's cards. 
Primarily the cards take the place of individual 
entries in a catalogue, so that each numbered 
specimen has a separate card. This has a number 
of advantages over the book type of catalogue. 
The cards are easy to refer to and can be so 
sorted that categories of information can be 
organized without copying. This makes for speed 
and eliminates error. Sketches and compara-
tive comments can be included and referred to 
easily, so that a fragment which is too incom­
plete for statistical treatment can still furnish 
information. 
For computer analysis,where appropriate, the 
data is easily available. Where the material 
is too limited, or in too poor condition for . 
such analysis, or where computers are not 
available, the�e catalogue cards themselves 
can be used to organize the data in categories 
of information. 
The information is easily transferred to key punch cards 
for use in computer analysis. In this study, I did the 
bulk of the sorting with the needle and also transferred 
selected data from the needle sort cards to computer cards 
for a more detailed analysis. 
CHAPTER 2 
RESULTS AND DISCUSSION 
This chapter contains three sections: 1) FIELDS AND 
AREAS.AS BONE PRODUCERS, 2} PARALLEL VARIATIONS OF FIELDS, 
3) CULTURAL CHANGES IN EATING HABITS. The first section
compares the general trends of variance of the three fields 
to see if there is any consistency. Section 2 analyzes 
the three fields and the areas with the goal of finding 
e�idence of geographical similarities or differences. The 
last section is the description o·f a computer analysis 
correlating bones and pottery and producing evidence of 
cultural, chronological changes in meat-eating habits in 
the city plus a m�thod of testing the significance of the 




PARALLEL VARIATIONS OF FIELDS 
The purpose of this section is to show similarities 
or dissimilarities between the three fields as evidence of 
similar or dissimilar populations inhabiting these three 
sections of the city. The method used is a linear comparison 
of the chronological variations of the three main food 
animal groups: Large Ruminants, Small Ruminants, and Suiformes. 
Large Ruminants 
The Large Ruminant chart (Figure 1) reveals a 
general downward trend from ancient toward modern times 
with a slight rise toward the modern end. All three fields 
confirm this trend. Field A seems the most independent, 
however, as will also be seen on the Small Ruminant and 
Suiforme charts (Figures 2 and 3). Whereas Fields B and C 
reflect parallel tendencies throughout the graph, Field A 
shows little correlation with the other two until the Late 
Byzantine Period. This phenomenon may be due to chance, 
but I feel that there is some outside cause for it. It 
seems to indicate that this section of the city was inhabited 
by a population with different eating habits than those of 
the people living in the areas of .Fields B and c. This 
hypothesis could not, however, be proven without much more 
evidence. The fact that lines "A" on all.three charts are 
much straighter than the other two seems to indicate that 
there was more mixing of the earth than in the other two 










*For an explanation of the eras 
at the top of the graph, see 
chart on page 40. 
Figure 1: Parallel Variations of Fields, Large Ruminants 















Figure 2: Parallel Variations of Fields, Small Ruminants 
a = Field A 
b = Field B 












Figure 3: Parallel Variations of Fields, Suiformes 
a = Field A 
b = Field B 
c = Field C 
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and/or other subsequent disturbances of the earth was greater .  
in Field A, then a trend away from variation and toward the 
mean could be expected as appears to be the case. 
Another factor possibly affecting the results in 
Field A is the inconsistent collection of data in Area Al. 
To compare the gaps between the pottery buckets containing 
bones, see the different areas in Table 20. Area 3 shows 
very consistent results as do most areas from the other two 
fields. Area 4 is consistent until toward the end. Area 1 
of this field, by contrast, shows large gaps between pottery 
buckets containing bones. During the first part of the 
excavation, the members of this area were instructed by 
their Field Supervisor not to save the faunal material; but 
after the elimination of a misunderstanding, the bones 
started coming in quite regularly. 
Even though Field C was not prolific in either bones 
or pottery, the parallelism it shows with Field B is striking. 
All three animal categories show it to some degree. The 
Large Ruminant curves of Fields B and C have dips in the 
Middle Roman, and the Early Byzantine Periods and peaks in 
the Late Roman and Middle Byzantine Periods. The parallelism 
diminishes during the Arab Period, but is still visible in 
the common rise at the end of the curves. This rise is 
also shared by Field A. 
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Small Ruminants  
The Small Ruminant curves again show a parallel 
upward trend in B and C, interfered with by a generally flat 
advancement by A. Curve A has a definite peak during the 
Late Byzantine Period, but again this contradicts the other 
two which are quite parallel at this end of the graph. 
Unlike the Large Ruminant curve, the consistency in this 
curve is more evident between B and C toward the end 
rather than near the beginning. 
Suiformes  
With A as independent as ever, the Suiforme curves 
of B and C show the most similarities of any. The trend 
is definitely downward, increasing into the Arab Periods. 
This is consistent with the Arab taboos against swine's 
flesh (Harris, 1972: 32). The B curve shows the greatest 
fluctuation with definite peaks during the Middle Roman 
and the Early Byzantine Periods. C does not reflect the 
Middle Roman hump but does reflect the rise during the 
Early Byzantine Period. 
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FIELDS AND AREAS AS BONE PRODUCERS 
The discussion in this section of the similarities 
and differences of proportions and quantities of osteological 
material coming from the three fields (see map, p. 45), 
may be useful in discovering size and compositional var-
iations in the populations of the different sections of 
the city. It will be carried out first with an explanation, 
and then with an application to each field and area of four 
types of evidence: 1) total fragments, 2) total identified 
bones, 3) bones per pottery bucket (prolificacy index)3, 
4) proportions of bones from the three main food animal 
groups. 
Total Fragments  
The total count of the bone fragments (see Table 4) 
from the 1972 Caesarea Maritima Expedition, regardless of 
size or diagnostic value, was 6,782. This figure includes 
the following: 1,612 identified bones from Large Ruminants, 
Small Ruminants, Equidae and Suiformes; all bones thrown 
out for lack of diagnostic value; identified, but diagnostic, 
bones sent to Harvard University for identification. 
Comparisons of the total amounts of osteological 
material coming from the different areas are useful in 
judging population sizes. Comparisons of identified bones 
could produce similar results, but there may be differences 
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of results due to differences of proportions of identifiable 
bones vs. total osteological material. This difference, 
given a standardization of collection from each area, could 
be interpretive in itself. An area producing an amount of 
very fragmentary bone material which is significantly higher 
than the mean of the other areas could give helpful clues 
in locating places such as roadways or courtyards where 
heavy animals or vehicles have been present. Lacking said 
standardization so far at Caesarea, such an analysis would be 
invalid in this report. 
Total Identified Bones  
The raw numbers of total identified bones can give 
information similar to the total fragments when used as 
an index of amounts of meat eaten from the different sections 
of town. Greater numbers of bones from a certain section of 
the site imply greater concentrations of inhabitants. Com-
parisons of this nature are useful on an intersite as well 
as an intrasite basis. 
Bones per Pottery Bucket  
This index, besides giving clues as to the con-
scientiousness of the excavators, can also say something 
about the characteristics of the location in question. For 
instance, if the number of bones per pottery bucket is low, 
then one could infer that that particular spot was a place 
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where people carried pottery, but did not engage in much 
meat eating. This could be, for example in the market place, 
at a well or near a spring. 
Even though the need for these indices of population 
size may not be apparent at sites having a written history 
(such as Caesarea), their usefulness at other sites as 
osteo-statistical tools could be enhanced if they were 
honed and sharpened where history could be used as a guage. 
Proportions  
The proportions of bones representing the different 
animal groups can give clues as to the different ethnic or 
economic quarters of the city. Taking Caesarea as an 
example, if a certain field consistently produced a sig-
nificantly smaller number of Suiforme bones, this fact added 
to the types of pottery found could point to a concentration 
of Muslim Arabs. If the effect of affluency upon the pro-
portions of meat eaten from the different animal groups 
could be established, a comparison of the different fields 
could help locate the different quarters delineated by 
economic class. This would be especially helpful in the 
event that the durable structures had been destroyed or the 




With 2,252 or 33.2 per.cent of all bone fragments and 
517 of the 1,600 identified bones (34.2 percent), Field A 
produced somewhat les·s osteological material than Field B 
and much more than Field C (excluding human osteological 
material coming from the cemetary comprising much of Field C 
and which does not figure in this report). 
Area 3 of this field contributed the greatest number 
of fragments and identified bones (see Tables 4 and 5 for 
exact amounts). Area 1 produced nearly as many fragments, 
but only 57 percent as many identified bones as Area 3. 
A dis_tinct prolificacy gap is also apparent between the two 
areas. With just over half as many pottery buckets as Area 1, 
Area 3 had nearly twice as many bones (see table 5). This 
gives a prolificacy index (bones/pottery bucket) of 0.51 
to Area 1 and 1.5 to Area 3--almost three times as great. 
Two factors (other than cultural) could be responsible for 
this difference. First is the fact that Area 1 was a 
continuation of the 1971 Expedition and was therefore down 
to levels where bones had disintegrated through time, and 
secondly, Area 3 had more consistent collecting throughout 
the dig. Area 4, produced -only 68 fragments and 37 identified 
bones. Its prolificacy index is only 0.2�. The least 
prolific area of Field A, Area 2, produced 3 percent of the 
total fragments of the field and only 13 identified bones 
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(2.5 percent). This area, like some in other fields, could 
not be given a prolificacy index due to the fact that I do 
not have copies of all the pottery charts. 
Field A, on the whole, showed a significant excess 
in Small Ruminant bones (X2 = 64.98, P< .01)4 and correspond-
ing deficiencies in all the other animal groups. Area 1 did 
not differ significantly from the mean distribution of all 
other areas. It did reveal, however, a very interesting 
concentration of bones in Locus 1079. Table 1 shows what 
bones were found there and some of their physiological and 
cultural characteristics pertinent to this description. 
These bones came from three pottery buckets: PB10, PB20, 
and PB23. The majority of the bones were Suiforme (36). 
Thirty-four of these were associated with PB23 which lends 
weight to the thought that they may have been dumped into 
the well at or near the same time. The majority of the bones 
did not show signs of butchering or cracking to extract the 
marrow. In fact none of the long bones, the ones usually 
associated with the eating of marrow, were marked in any way 
suggesting butchering or eating. A chi-square analysis of 
the frequency of those cracked (there were no cuts, scratches 
or other signs of butchering) shows it to be much below the 
expected frequency (X2 = 12.97, P< .01). These bones, in 
general, represent young animals: 34 of them were judged to 
be small (expected frequency = 2.39,. X2 = 444.74, P( .01) 
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TABLE 1 
IDENTIFIED BONES FROM FIELD A, LOCUS 1079 
SUIFOR..MES TOTAL SMALL UNFUSED CRACKED ENTIRE 
Pelves 4 4 4 
Scapulae 4 4 3 4 
Head Parts 3 1 
Met�podia 8 8 7 1 7 
Ulnae 3 3 2 1 
Tibiae 3 3 3 3 
Radii 1 1 1 1 
Femora 8 8 4 4 
Humeri 2 2 2 2 
Total 36 34 22 7 18 
Percent 100.0 94.4 61.1 19.4 50.0 
Large Ruminants 





Astragali 2 2 
Metapodia 1 1 1 
Femora 2 2 1 
Humeri 1 1 
Total 7 4 2 1 2 
Percent 100.0 57.1 28.6 14.3 28.6 
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and 22 had unfused epiphyses (expected frequency = 3.32, 
X2 = 111.76, P‹ .01). The pottery reading chart shows 
PB23 to have Late Byzantine, Early Arab and Late Arab pottery. 
From the above data, I am postulating that the 
Suiforme bones were from animals killed and not eaten, and 
thrown into the well. They were possibly thrown in alive 
and the fall may account for the scapulae, the metapodial 
and the two ulnae that are cracked. The pottery suggests 
that this could have been done by Arabs who found these 
pigs, respulsive animals to them, and disposed of them 
down an abandoned well. 
Area 2 of this Field does not give evidence of 
differing significantly from the expected distribution of 
bones. Area 3, with the highest prolificacy index of all 
areas in all fields (1.48), is high in Small Ruminants 
(X2 = 86.87, P< .01). Locus 3016 of this area produced 
29 Small Ruminant bones with 28 of them coming from Pottery 
Bucket 77. The other one came from Pottery Bucket 70. 
Both of these buckets produced nothing but Late Byzantine 
pottery. There is nothing about the distribution to indi-
cate anything other than a bone dump. Head parts are a 
little higher than would be expected, (X2 = 5.31 P< .05). 
An even greater concentration of bones is found in Loci 3049 
and 3050 (pottery is mainly Byzantine) which may hint at the 
proximity of a slaughter house or butcher shop. There are 
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98 bones of which 67 are Small Ruminant. One bone ·is a 
Large Ruminant first phalanx and o·ne is the first phalanx of 
an Equus. The rest of the bones (20) are Suiformes, of 
which 3 are phalanges·.· Adding on the phalanges from the 
Small Ruminants, the total comes to 20. These ·are twice 
as many as would be expected in a distributi6n based on the 
mean distribution of all other loci. With a chi-square of 
12. 41 (P ( • 01), this is very significant and lends weight 
to the idea that animals were slaughtered nearby. The 
reason for this is that often, when an animal is slaughtered, 
the phalanges are left with the skin and hooves which 
normally do n6t arriv� at dwellings. It might be postulated 
that a higher than expected number of head parts would 
indicate the same possibility, but if ancient Caesarean 
butcher shops were like the ones in modern Israel, the heads 
were sold and consumed as readily as any other part. In this 
conglomerate, there were only 8 head parts, much below the 
2 expected number (X = 18.70, p ( .01). All of the patellae (4) 
and all of the sesamoids (3) were found here. Area 4 is 
significantly high in Small Ruminant bones. 
Field A, on the whole, showed a significant excess 
in Small Ruminant bones (X2 = 64.98, P < .01) and corres­
ponding deficiencies in all the other animal groups. 
Field B 
Producing over half of all bone material (57.7 
percent), and 57.25 percent of the identified bones, Field B 
is the most prolific of any field (prolificacy index = 1.09}. 
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Even more so than Field A, this field appears to reflect 
very populous residential section of the city. With 81 per-
cent of the pottery being Byzantine, most generalizations 
about the bones from here can be applied to that era. 
Of the three areas for which I have pottery data, 
Area 2 had the most Byzantine pottery (91 percent). It is 
an average producer of bones with 29 percent of the total 
osteological material of Field B. Its prolificacy index is 
1.07. Area B2, with the highest proportion of Suiforme 
bones of any area, has one major concentration of bones. 
It is in Locus 2060 where there are 87 bones. Sixty-eight, 
or 78 percent, of these are Suiformes and they were spread 
throughout many pottery buckets. A chi-square test of 
significance reveals only one striking deviation from the 
expected frequency: an excess of tibias (X2 = 12.43, 
P ( .01). B1 like B4 and B5, was a very small producer of 
bones. Its prolificacy index was only 0.51 (the same as Al). 
It, like Al, was a continuation of the dig from the year 
before, which fact may account for its only producing 
12 percent of the bone material from Field B and only 74 
identified bones. Even though this area had a low proli-
ficacy index (0.51), it has an excess of Equidae (X2 = 12.89, 
P < .01). 
B3 probably comes closest to paralleling the mean 
distribution of animal groups of any area. The only sig-
nificant deviation is a lack of Equidae (X2 = 11.55, P( .01) 
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which is only a reflection of an excess somewhere else. 
There are two concentrations worthy of note, but neither 
has any striking characteristics. One is in Loci 3002-
3004 with 56 bones and the other is in Loci 3019-3022 with 
99 bones. B3's prolificacy index is 1.40. Areas B4 and B5 
have an interesting phenomenon in Loci B4001 and B5001. They 
have 30 and 15 Large Ruminant bones respectively. Both 
areas reflect these concentrations with high chi-squares for 
an excess of Large Ruminant bones. In B5, Locus 4001, there 
are 33 bones. Among the 15 Large Ruminant bones, there are 
four head parts: one jaw and three teeth. Seven Small 
Ruminant jaws and four separate teeth were also found there. 
The incidence of head parts is over the expected number in 
a normal distribution (X2 = 4.51, P =( .05). There are 4 
Suiforme bones in this locus: three femora and one ulna. 
The rest of the bones are an assortment but completely lack 
pelves and metapodia. Locus B4001 has 49 bones. Of the 
30 Large Ruminant bones, 12 are head parts: four jaws and 
eight teeth. The amount of head parts does not differ sig-
nificantly from the expected frequency, but the fact that 
there are 4 Large Ruminant jaws and 7 Small Ruminant jaws 
is worthy of note. There is only one Suiforme bone and 
the other assorted Ruminant bones are again lacking in pelves, 
but 13 metapodia are present in contrast to the total lack 
in B4001. In a field which produced the highest number 
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and proportion of Suiforme bones, the lack of this group 
in Areas 4 and 5 is most striking. Area 4 revealed only 2 
(2.2 percent) and Area 5 had only 8 (8.9 percent). 
Field B did not deviate too markedly from the mean, 
but a general increase in Suiforme bones was noted. This 
lends considerable weight to the theory that the Byzantine 
Christians were fond of pork, as most of the pottery was 
from that period. It is an interesting fact that the 
different areas in this field were not consistent in con-
tributing to this excess (X2 = 34.45, P ‹.01). In fact, 
only B2 had a significant difference above the expected 
frequency and two of the five areas, B4 and B5, had less 
than expected numbers of Suiforme bones. The excesses of 
Large Ruminant bones in Areas 4 and 5 were offset by 
deficiencies in other areas of B and thus did not show up in 
the totals for the field. 
Field C  
Field C is generally distinguished by a small 
number of bones, a fact which supports the idea that this 
place was commercial or governmental rather than residential. 
It has a low prolificacy index and a greater than expected 
incidence of bones from the family of Equidae. This last 
fact gave credence among some excavators to the thought that 
some of the many burials of Arabs and Crusaders found there 
included the mounts of fallen warriors. The evidence does 
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not support this hypothesis, however: there were no articu-
lated skeletons of either Equus or Asinus and the bones found 
were generally distributed throughout the field. The high 
incidence of these bones is very significant, however, 
(X2 = 173.66, P 	,01), but I am not in a position to 
postulate a reason for it. The greatest concentration of 
bones of this family were six in locus 4080, of C4, Pottery 
Bucket 86. They were all teeth of Asinus. 
Area C25 was a continuation of the 1971 Expedition 
and therefore produced the least amount of bones of all of C. 
Its prolificacy index was also very low. At 0.40, it is 
next to the lowest, just above A4. It produced only 6 bones 
and therefore does not statistically deviate significantly 
from the normal distribution. Each animal group was repre-
sented by at least one bone: 1 Large Ruminant molar, one 
incomplete Small Ruminant lower jaw with deciduous molars, 
one small, unfused metacarpal from a Small Ruminant, a 
single molar from an Asinus, a single canine from a Suiforme, 
and also from a Suiforme, a medium-sized, fused metapodial 
showing signs of being cracked to extract the marrow. Areas 
C3 and C4 produced similar results with regards to amounts 
of osteological material. Area 3 produced more total bone 
material, but less identified bones than C4. Between them, 
they produced nearly 85 percent of the total fragments 
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and 76 percent of the identified bones. They were both 
high in Equidae (X2  for Area 3 = 19.29 and X. for Area 4 = 
50.09, P (.01) for both). More than half of the bones from 
Area 5 were Equidae. Fifteen were teeth and three were 
metapodia, two of which showed signs of butchering. 
The expected number of Equidae bones for Field C 
in a normal distribution is 11.19. Instead, there were 
52, an excess of 40.81 (X2 = 173.66, P < .01). This excess 
is reflected in all areas of the field. The chi-square 
analysis of the field shows significant drops in both 
Small Ruminants (X2 = 13.01, P ( .01) and Suiformes (X = 14.54, 
P (.01). These declines are undoubtedly an effect of the 
ascendency of the Equidae. 
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CHRONOLOGICAL CHANGES IN EATING HABITS 
The intent of this section is to depict the variations 
of proportions of bones thro�gh:history. Because the chrono­
logical analysis of the bones· depends on pottery readings, 
the following explanation and chart will be helpful in its 
understanding. 
Pottery reading, artifact analysis, and coin 
readings presuppose a set of archaeological 
Eeriods. The field pottery readings, for 
example, are recorded as "LR u or "EB" or 
perhaps "R/B", and it is helpful if you are 
aware what this refers to. Here is the 
chronology of archaeological periods presup-
posed at Khirbet Shema together with the 
abbreviations (Strange, 1972: 3 O) :
Hellenistic H 333 B.C. - 60 B.C.
Roman R 60 B.C. - 330 A.D. 
Early Roman ER 60 B.C. - 70 A.D. 
Middle Roman MR 70 A.D. - 180 A.D. 
Late Roman LR 180 A.D. - 330 A.D. 
Roman/Byzantine R/B 300 A.O. - 350 A.D.
Byzantine B 330 A.D. - 640 A.O.
Early Byzantine EB 330 A.D. - 451 A.D.
Middle Byzantine MB 451 A.D. - 550 A.D.
Late Byzantine LB 550 A.D. - 640 A.D.
Byzantine/Arab B/A 600 A.D. - 650 A.D.
Arab A 640 A.D. -1100 A.D. 
Early Arab EA 640 A.O. - 750 A.D. 
Middle Arab MA 750 A.O. - 950 A.D. 
Late Arab LA 950 A.D. -1100 A.D. 
Crusader Arab CA 1100 A.D. -1265 A.D. 
Crusader Frankish CF 1100 A.D. -1265 A.D. 
(Strange, 1972: 30)
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To arrive at the conclusions herein, two distinct 
computer analyses were employed. The first is a correlation 
of the pottery found in each bucket· associated with the 
bones in a bone bag with the· same number. The ·second is 
similar to it, but includes a statistical analysis based on 
a general linear hypothesis which can give clues as to the 
significance of the variations of proportions of the first 
method. For the sake of clarity and brevity I shall term 
the Pottery/Bone Correlation Method, Method 1 (Ml), and the 
General Linear Hypothesis Method, Method 2 (M2),and use 
these terms or their abbreviations from here on. 
Pottery/Bone Correlation Method 
Ml is based on three assumptions: 
1. The pottery dates the bones.
2. The bones and the pottery were distributed
-in the same manner.
3. Arabs eschewed the eating of swine's flesh
throughout their history.
Assumption 1 
The pottery dates the artifacts associated with it. 
This includes the bones (Strange, 1972: 30). 
The clue which was needed to solve the problem of 
chronology was discovered in 1890 by the great 
patriarch of Near Eastern archaeology, Sir Flinders 
Petrie . . • Since that day our knowledge of the 
pottery styles has increased tremendously. Given 
a sufficient quantity of broken or whole pieces from 
a given stratum, the date of that stratum can be 
established (Wright, 1962: 24).
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Assumption 2  
The stratigraphy of Caesarea has been blurred by 
numerous pits, robber trenches and fills. The pottery, 
therefore, has been mixed in many places so that a given 
pottery bucket might have pottery from a variety of eras. 
If bones are associated with the bucket and are to be dated 
by the pottery therein, it must be assumed that the bones 
were mixed in the same fashion as the pottery and therefore 
the bone fragment or fragments are representatives of one 
or more of those periods. If there is pottery from one era 
only, such as the Middle Byzantine era, then the bone or 
bones are assumed to be products of that era. If, on the 
contrary, the pottery bucket has pottery from two or more 
eras, as is usually the case, then the bones must be divided 
between all the eras revealed by significant pottery (this 
means pottery represented by a check mark, an "M", an 
abbreviation such as "OM", or a line in a square on the 
pottery reading charts and excludes all other marks such 
as l's, 2's, question marks, etc.). The obvious question 
is where to assign each bone and in the case of unequal 
numbers of bones, which eras to leave out. It is also 
difficult to say, in the case of bones from different animal 
groups, which animal goes to which era (distinction between 
elements or size of bones is not a factor in this analysis). 
It was with these inherent difficulties in mind that I 
decided to divide the bones from each animal group, i.e. 
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Large Ruminant, Small Ruminant and Suiforme, .equally between 
the eras represented. In using this statistical division 
of the bones, it was hoped that, with the aid of the computer, 
a fairly accurate·picture of some of the eati�g habits of 
the successive occupants of Caesarea. 
Confidence in the accuracy of this analysis is de­
pendent upon the quality of the data, i.e. significantly 
large samples which render the statistics valid. There was 
.no way to apply tests of significance directly to the. 
analysis of Ml described above, so these will be discussed 
with regards to M2 below. Even a cursory look at the 
extremely small samples from certain eras (see Figure 4) 
such as the Hellenistic and Roman/Byzantine Periods proves 
the invalidity of the results from those periods and points 
up the need to gather more data on subsequent digs at 
Caesarea. 
Assumption 3 
The assumption that the Arab Moslems, throughout 
their history, refrained from eating meat from pigs, can be 
used as a control for testing the validity of this method. 
In other words, in the Arab Periods, there should be a 
significant drop in Suiforme bones. The inherent weaknesses 
of the method used precludes a drop to zero or even a per-
. fectly accurate representation of the actual proportion of 
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-Figure 4: Quantitative Chronology of Bone Distribution, 
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drop. I experimented with several methods before ·arriving 
at this one, which did show a visible drop in Suiformes 
during the Arab Periods. Th� :s�gnificance of this drop will 
be discussed· later. 
Discussion of Results 
The results of this analysis are based on data from 
the following fields and (see map) of the 1972 Caesarea 
Maritima Expedition: Field A, Areas 16, 3 and 4; Field B,
Areas 1, 2 and 3; Field C, Areas 3 and 4. It is felt that 
the data from this sample (84.4 percent of total) is 
adequate to represent the data from the entire expedition. 
Those areas not represented were left out because of limited 
access to pottery charts and limited data in them (see 
tables 7-19). 
The computer produced two types of results: results 
of the statistical correlations of numbers of bones from 
each food animal group7 with the pottery, producing tables
28 through 38 in Appendix II, figures 15 and 16 in the text, 
and 17 through 22 in Appendix II and then a weighted version 
of the same results, producing tables 39 and 40 and figures 
4 and 5. The weighting factors (Small Ruminants = 1, 
Suiformes = 2, Large Ruminants = 10) was based on the average 
live weights, according to a book by John T. Abrams (1962) 
entitled Animal Nutrition and Veterinary Dietetics, of adult 
sheet {p. 691), bacon pigs (p. 724) and adult cattle (p. 637). 
tr,„741.'egAvAt 	 ."". 
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These are only proportional differences between the three 
animals and do not presume a knowledge of the average 
weights of the animals represented by the remains found in 
Caesarea. •The two results give identical information on the 
increase or the decline in amounts of bones found with 
regards to a chronological progression, but the weighted 
results give a truer picture of the proportions of meat 
eaten from each animal group--a fact which lends greater 
anthropological significance to the study. In the following 
discussion, I will refer to the weighted charts. 
Figure 5 (page 44) is a chart representing the 
proportions of meat eaten from the three main food animals, 
Large Ruminants, Small Ruminants and Suiformes. For all 
practical purposes, Large Ruminants are equivalent to cattle, 
Small Ruminants to sheep and goats combined and Suiformes to 
pigs. (For a more detailed discussion of these terms, see 
"Methodology".) I will therefore use the terms beef, mutton/ 
goat and pork. The ordinate represents percents from 0 to 
100 and the abscissa represents the chronological history 
of Caesarea from the Hellenistic Period to modern times. 
There was no pottery reported from the last three periods, 
Crusader Arab, Crusader Frankish and Modern. They were left 
in the computer program in the event that they were found 
useful in a future analysis. The other 17 eras, taken 
directly from the pottery reading charts present a slight 
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problem which should be pointed out to the reader. The 
designations "R", "B", and "A" represent time periods 
overlapping others on the chart. For instance, "R" repre-
sents the Roman period dating from 60 B.C. to 330 A.D. 
"ER", "MR" and "LR" represent the early, middle and late 
periods of the same era. With this explanation in mind, the 
reader should have no difficulty •in interpreting the chart. 
The symbols representing the different animal groups are 
explained in the top right hand corner of this and other 
charts made by the computer. 
Of the three lines, the Small Ruminant line has the 
least overall fluctuation. It varies slightly between 
12 and 20 percent from the Hellenistic (c. 333-60 B.C.) 
until near the end of the Byzantine Period (c. 330-640 A.D.). 
During the Byzantine/Arab Period (c. 330-350 A.D.) it rises 
to a peak of 32.3 percent. It drops down to an average of 
24.2 percent through the Arab Era (see table 40 for exact 
figures). 
The Suiforme line is characterized by a fairly 
consistent climb through the Roman period (c. 60 B.C. - 
330 A.D.) and peaking at 40.63 percent of all meat eaten 
during the Early Byzantine Period (c. 330-451 A.D.). Re-
maining steady, but slightly lower during the Middle Byzantine 
Period (c. 451-550 A.D.), it drops noticeably at the 
beginning of the Arab Era (c. 640-1100 A.D.). If we accept 
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as fact the assumption that only abstainers from swine's 
flesh inhabited the city during that period, both the fact 
that it did not drop even closer to zero and that it climbed 
during the Late Arab Period (c. 950-1100 A.D.) is a bit 
disconcerting7 Several reasons for this could be 
postulated: 1) Every society experiences deviancy to some 
degree from the accepted norms of behavior. This was 
probably no less true during the Arab occupation of Caesarea, 
although the available data are not adequate to support 
this as a theory derived from this study. 2) This might 
be evidence that an ethnic group different from the Muslim 
Arabs cohabited Caesarea during this period. Historical 
and further scientific studies would be necessary to sup-
port this hypothesis. 3) At present, it is safest to say 
that there is not yet enough data from this period to give 
a clear picture of actual proportions of meat eaten from 
the three animal groups. (See Figure 4 and Table 39 for 
amounts of data for this period.) Any two or all three of 
the possibilities could have contributed to the results or 
there may be yet another possible factor unknown at this 
time. It is not within the realm of this study to pursue 
this further. 
The Large Ruminant line presents a linear descent 
from the Hellenistic through the Roman and Byzantine Eras 
and reaches its nadir during the Byzantine/Arab Period. It 
makes a sharp rise at the beginni�g of the Arab Era and 
descends gradually to the Late Arab Period. 
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On balance, there is quite a spread between the 
most favored meat, beef, and the other two. This spread 
diminishes gradual�y until at the Byzantine/Arab Period, 
when the meat eaten from the three animal groups arrive at 
almost exactly the same proportions: beef= 35.5 percent, 
mutton/goat = 32.3 percent and pork 32.2 percent. The 
spread, whose significance will be discussed below, again 
becomes apparent during the Arab Era with beef taking the 
ascendency again and mutton/goat and pork switching places. 
General Linear Hypothesis Method 
As in Ml, the pottery bucket is the sampling unit 
in the General Linear Hypothesis Method (M2)� There are 
two main differences, which do not drastically alter the 
results: 1) Whereas in Ml the raw numbers of bones were 
punched into computer cards, in M2, proportions of bones 
were used. If, for instance, there were one Large Ruminant 
bone, 5 Small Ruminant bones and 3 Suiforrne bones, in the 
Large Ruminant column there would be the decimal figure 
0.111, in the Small Ruminant column would be punched 0.333 
and in the Suiforme column, 0.555. 2) The eras were com-
bined into the following: Roman, Roman/Byzantine, Byzantine, 
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Byzantine/Arab and Arab. Hellenistic was eliminated because 
it had an adverse effect on the results due to a lack of 
data. 
The purpose of M2 is to test the significance of 
the deviations from the mean. It is based on the following 
statistical principle: Assumed a general linear model 
allowing for effects due to whether or not each of the 5 
eras were represented by pottery, F ratios were obtained 
for testing each of the 5 era effects. 
To apply the tests of significance of M2 to Ml, a 
parallel must be demonstrated between them. This can be 
easily seen in the graphs in Figures 6 through 9. The 
parallels in all cases are even more noticeable (see curved 
lines) if the two transition periods are eliminated (the 
pottery was very minimal in these two periods). 
These tests were applied to the results of each 
field. For comparisons with results from M1 in each field, 
see Figures 11 through 16 in Appendix II. 
Let us discuss the most important point first--
Suiformes in the Arab Period. The drop from the overall mean 
is significant in Field B (F = 6.25, P < .05). Here the 
incidence of Suiforme bone material is 10.1 percentage 
points below the mean and 37.4 below the figure for the 
Byzantine (see Figure 10). Field C reflects this decline, 
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Figure 9: Quantitative Chronology of Bone Distribution, 
Unweighted 
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Figure 10: Proportional Chronology of Bone Distribution, 
Unweighted 
56 
but there is little data (see Table 5) and the F distribution 
is not high enough to be significant. Field A, rather than 
showing a drop, shows a rise of 1.3 percentage points over 
the mean, but this rise is not at all significant. We can 
conclude therefore that the decline in the incidence of 
Suiforme bones as evidenced by Fields B and C and the general 
results is significant, undoubtedly reflecting the taboo on 
pork of the Muslim occupants of the city (Harris, 1972: 32). 
Field A shows a significant drop (F = 4.32, P.<.05) 
in Large Ruminant bones. This is faintly reflected in Field C, 
but contradicted in Field B (not significant). This drop is 
a result of a rise in Small Ruminants shown in all three fields. 
In contrast to the Arab, Suiformes are significantly 
higher than the mean during the Byzantine Period (in Field 
B, F = 4.52, P = (.05) . Large Ruminants are correspondingly 
lower than the mean in all Fields and in Field C, the 
difference is very significant. Here the incidence of 
Large Ruminant remains is 47.89 percentage points below the 
mean (F = 39.24, P = (.01). Small Ruminants are significantly 
higher than the mean in this Field as well. Fields A and B 
show no significant deviation from the mean for Small Ruminants. 
The transition periods and the Roman Era show no 
significant deviations from the mean distribution of any of 
the three animal groups. 
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In conclusion, the General Linear Hypothesis method 
of testing the F distribution of the proportions of bones 
from the Large Ruminants, the Small Ruminants and the 
Suiformes leads significant statistical weight to the dis­
tribution in the Byzantine and the Arab Periods. 
CHAPTER 3 
CONCLUSIONS 
The zooarchaeological study of the 1972 Caesarea 
Maritima Archaeological Expedition has produced valuable 
data which give clues about the lives and the eating habits 
of the inhabitants of that city. The evidence is not, 
however, conclusive and much more data must be gathered and 
analyzed to complement what has already been done so that an 
ever more complete picture will emerge. 
The data in hand hint at certain things which may 
be corroborated with further study or annulled by it. It is 
not the purpose of this report to establish fact, an impos-
sibility with the present data, but rather to point out 
possibilities and suggest various methods and means of 
further investigation. 
A general pattern is emerging from this study and 
some of the trends are worth mentioning by way of conclusions. 
The study of the bones has shown some likenesses and dis-
similarities between the Fields. The relative numbers of 
bones point to Fields A and B as mainly residential and C 
as non-residential. Proportions of bones and comparisons of 
their fluctuations throughout the history of the city show 
similarities and a parallelism which link Fields B and C 
and leave Field A with an independent, more rectilinear 
chronological pattern. It is difficult to interpret the 
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evidence possessed to date, but it seems to hint at the fact 
that Field A is in a quarter with a different makeup from 
that of the other two fields. It is impossible to conclude 
what the differences were without further evidence. Greater 
mixing of bones and pottery may also be a factor. 
Field A revealed some interesting osteological finds. 
Locus 1079 (Area 1) was a well in which was found much 
debris including bones. A statistical analysis makes it 
possible to believe that at some time during the Arab Period, 
it was used as a dumping place for whole piglets. Another 
bone dump possibly indicates the proximity of a slaughter 
house or butcher shop, active during the Late Byzantine 
Period (c. 550-640 A.D.). 
Field B appears to be in the heart of a residential 
Area, judging by the relatively high numbers of bones it 
produced. It gives us some of the best clues about the 
eating habits of the Byzantines. It contains several con-
centrations of bones, one of which has several Large 
Ruminant and Small Ruminant jaws in it. In B3, Locus 3109, 
excavation brought to light a Large Ruminant pelvis, including 
the acetabulum, inside a broken amphora. 
The business section of the city included the place 
now known as Field C. This is reflected in the reduced 
number of bones coming from that field. There is enough 
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osteological evidence, however, to postulate that the 
Byzantine business men and government officials took their 
lunches to work and discarded the bones on the spot (the 
dig has not as yet progressed much below the Byzantine 
floors in this field and the strata above these are filled 
with Arab and Christian burials. A curious phenomenon in 
this field is the high and statistically significant inci-
dence of Equidae. 
A statistical chronological analysis of the bones 
gives evidence that the Byzantines were partial to the 
eating of pigs and that, when the Arabs took over, this 
practice all but disappeared. (The evidence is not strong 
enough to conclude that the practice completely disappeared 
or only nearly did.) The Romans seemed more fond of beef, 
especially during the earlier periods. They all enjoyed 
beef, goat and mutton. 
Much more needs to be and can be done with the data 
already gathered and with data to be gathered in the future. 
Besides continuing the work begun with this study, many 
other valuable analyses could be carried out from which 
helpful inferences could be drawn. For instance, nothing 
has yet been done on the butchering practices at Caesarea. 
A study of the marks on the bones, the size of the bones and 
the state of their epiphyseal unions can tell much about how 
the carcasses were sect1.oned and at what ages the ·animals 
were preferred for eating. A complete faunal list, which 
not only gives clues· as to the· faunal composition of the 
region, but also about the floral and environmental condi­
tions of Ancient Caesarea, was not ready at the time of 
terminating this study. When it will be released, it will 




1. Artifacts made of bone such as cosmetic implements were
not analyzed in this study. 
2. The following quote from the book Bones· ·fo'r ·the
Archaeologist by i.w. Cornwall (1956) will explain why I 
did not save any ribs and a few vertebrae as well as why 
I would save them in the future. 
First, in the conditions met with by the archa�ologi­
cal osteologist the parts of the axial skeleton 
found are often very incomplete. This is due, in 
large part, to the mainly cancellous internal 
structure of the bones concerned and their gen­
erally only very thin investment of dense bone 
substance. For this reason they are less re-
sistant to decay than, for example, the stout 
shafts of the long bones. In ungulate vertebrae, 
also, the prominent spines and other processes 
are frequently found broken. 
Secondly, extraordinarily little attention seems 
to have been given to determination of species 
from vertebrae, so that little detailed informa­
tion is available in the literature to enable 
characteristic and easily recognized features 
within the Orders to be quoted. Despite the 
former consideration, the material is seldom so 
deficient that no useful conclusions could be 
reached if the comparative features were better 
known. There is room for much more work here. 
3. Prolificacy index = total number of bones an area or
field divided by the total number of pottery buckets for 
that area or field. 
a+b 
b d 
4. All chi-square analyses are based on the formula 
•[ lad-bc1 	1/2N1 2  
(a+c) (b+d) (a+b) 
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5. Cl was dug by another expedition and the faunal material 
does not figure in this study. 
6. Locus 1079 was not included in M1 for reasons explained 
in "Fields and Areas as Bone Producers". 
7. Equidae were excluded from the category of food animals 
for the following reason. Of the 108 Equidae bones, only 
12 showed signs of butchering or consumption. Large Ruminants, 
Small Ruminants and Suiformes, on the other hand, had a 
frequency together of 796 out of 1,504 total bones. A 
chi-square test of significance applied to the comparison 
of these two proportions shows the frequency of 12 among the 
Equidae to be very much below the expected frequency 
(X2  = 68.81, P '..01) and leads us to conclude that Equidae 
were not a primary food source. 
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CARD CODE  
TYPE OF 	ELEMENTS 	CULTURAL 
FRAGMENT (Cont l d) MODIFICATION (Cont'd) 
1. axial 	7. metapodial 	5. cracked 
2. limb 8. astragalus 	6. grooved 
3. anterior 	9. calcaneus 7. burned 
4. posterior 	10. tarsus 
5. left 	11. carpus 	FIELD  
6. right 12. other A 
7. entire 	13. patella 
8. shaft 14. sesamoid 
9. proximal 	15. phalanx I 	SP 
10. distal 16. phalanx II 
11. epiphysis 	17. phalanx III 	AREA  
12. epiphysis 	18. phalanx 	1 
line 2 
13. fused 3 
14. unfused 	ANIMAL  4 
15. large 1. bos 5 
16. small 	2. capris 
17. medium 3. ovis 	POTTERY BUCKET  
18. broken 	4. equus 1 to several hundred 
19. unbroken 5. asinus 
20. pathological 	6. camelus 	LOCUS  
21. atypical 	7. sus 1000 to several 
thousand other 
ELEMENTS "AXIAL" 
1. humerus 	CULTURAL 	The second card was 
MODIFICATION 	labeled and contained 
2. femur the following cate- 
3. radius 	1. pierced 	gories: 
4. tibia 2. polished TYPE OF FRAGMENT  
5. ulna 	3. cut 	1. axial 
6. fibula 4. scratched 	2. limb 
CARD CODE (Continued) 










































(Same as Card #1) 
CULTURAL MODIFICATION 
(Same as Card #1) 
FIELD 
(Same as Card #1) 
AREA 
(Same as Card #1) 
POTTERY BUCKET 
(Same as Card #1) 
LOCUS 
(Same as Card #1) 
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REPAIR OF BONES 
It is possible to tel.l which pieces of fr�gmentary 
bones can be reassembled by the ·color of the break. If 
it is bone-colored, it is fresh and there is most likely 
another piece that fits it. If the edges are the color 
of the soil in which it was found, there is little likelihood 
it can be repaired . 
. The glue I used was ·a white, water-soluble type 
(Reed, 1970: 206), much like Elmer's Glue. I used it 
straight for putting pieces back together and diluted 
10 t� 1 with water for strenghtening weak parts. Often 




DISTRIBUTION OF BONES 
TO ELEMENTS 
ACCORDING 
Head Parts 444 27.60% 
Pelves 89 5.53 
Scapulae 84 5.22 
Phalanges 166 9.70 
Metapodia 269 16.72 
Calcanea 46 2.86 
Astragali 48 2.98 
Ulnae 21 1.31 
Tibiae 139 8.64 
Radii 56 3.48 
Femora 126 7.83 
Humeri 123 7.65 
Atlases 1 0.06 
Sesamoids 3 0.18 
Patellae 4 0.25 
Total 1609* 100.01% 




DISTRIBUTION OF BONES 
ACCORDING TO FOOD ANIMALS 
Percent 
Large Ruminants 286 17.8 
Small Ruminants 758' 47.0 
Equidae 108 6.7 
Suiformes 459 20.5 
Total 1612 100.0 
TABLE 4 
DISTRIBUTION OF TOTAL BONE 
FRAGMENTS IN FIELDS AND AREAS 
Fields & 	Total 
Areas 	Fragments 
















Total 2252 33.2 100.0 
Bl 469 12.0 
B2 1144 29.3 
B3 1809 46.3 
B4 202 5.2 
B5 287 7.3 
Total 3911 57.7 100.1 
C2 74 13.1 
C3 247 43.8 
C4 228 40.4 
C5 15 2.7 
Total 564 8.3 100.0 
Sewer Probe 55 0.8 
Total 6,782 100.0 
TABLE 5 
DISTRIBUTION OF IDENTIFIED BONES IN FIELDS AND AREAS 








of Bones Percent 
LR 67 13.0 LR 182 19.9 
SR 319 61.7 SR 378 41.3 
E 7 1.4 E 42 4.6 
S 124 24.0 S 314 34.3 
Total 517 100.1 Total 916 100.1 
Area 1 Area 1 
LR 30 17.6 LR 11 14.7 
SR 79 46.5 SR 38 51.4 
E 3 1.8 E 13 17.6 
S 58 34.1 S 12 16.2 
Total 170 100.0 Total 74 99.9 
Area 2 Area 2 
LR 4 30.8 LR 16 6.4 
SR 2 15.4 SR 62 24.7 
E 0 0.0 E 2 0.8 
S 7 53.8 S 171 68.1 




FIELD A 	 FIELD B . 
• Area 3 Area 3 
LR 28 9.5 LR • 68 • 16.7 
SR 212 71.6 •SR 207 • 50.7 
E 2 • 0.7 E • 12 2.9 
S 54 18.2 	• S 121 • 29.7 
Total 296 100.0 Total 408 • 100.0 
LR 




49.5 5 	• • 46 
SR 	• 26 68.4 SR 31 33.4 
E 2 5.3 E 	• 14 15.1 
S 5 13.2 S 2 _ 	2.27 
Total 38 100.1 Total 93 100.2 
• Area 5 
LR 	• 41 45.6 
SR 40 44.5 
•E 	• 1 1.1 
S 8 8.9 
Total • 90 100.1 
	(Continued 	...) 
TABLE 5 (Concluded) 
FIELD C 
LR 33 19.8 
SR 56 33.5 
E 52 31.1 
S 26 15.6 
Total 167 100.0 
Area 2 Area 4 
LR 1 16.7 ' 	LR 16.7 11 
SR 2 	, 33.4 SR 24 36.4 
' E 1 16.7 E 19 28.8 
S 2 33.4 - S 12 18.2 
Total 6 100.2 Total 66 100.1 
Area 3 Area 5 
LR 16 26.2 LR 5 14.7 
SR 21 34.4 SR 9 26.5 
E 13 21.3 E 19 55.9 
S 11 	, 18.0 H 	S 1 2.9 
Total 61 99.9 Total - 	34 100.0 
LR = Large Ruminants 
SR = Small Ruminants 
E 	= Equidae 





P.B. 	BONES PROLIFICACY INDEX 
Al 335 	170 0.51 
A3 199 	295 1.48 
A4 125 	38 0.29 
Total 659 	503 0.76 
BI 145- 	74 0.51 
B2 235 	251 1.07 
B3 291 	408 1.40 
Total 671 	733 1.09 
C3 146 	59 0.40 
C4 123 	66 0.54 
Total 269 	125 0.47 
Grand Total 1599 	1361 0.85 
*Only those areas for which I had 
pottery charts were included. 
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TABLE 7 
DISTRIBUTION OF BONES ACCORDING TO LOCI 










1012 1 1 LR = Large Rumi- 
1019 3 3 nants 
1034 1 1 
1040 1 1 SR = Small Rumi- 
1042 11 5 4 20 nants 
1078 1 18 1 4 24 
1079 3 7 36 46 E = Equidae 
1087 1 
1106 1 3 4 S = Suiformes 
1117 1 
1125 1 1 
1132 1 2 8 
1135 1 4 5 
1136 1 2 3 
1137 3 3 
1140 2 1 2 6 
1141 1 1 2 
1142 1 1 2 
1143 2 21 26 
1148 4 5 10 
Total 30 79 3 58 170 
Percent 17.8 46.7 1.8 33.7 100.0 
TABLE 8 
FIELD A, AREA 2 
LOCUS LR SR TOTAL 
2040 1 1 
2047 1 1 
2097 4 4 
2146 2 2 
2167 2 1 3 
2195 1 1 
2223 _ 1_ _ 
Total 4 2 0 7 13 




FIELD A, AREA 3 
LOCUS LR SR E 5 TOTAL 
3001 1 2 3 
3002 1 1 
3003 4 31 8 45 
3005 1 2 3 
3007 2 2 2 6 
3008 5 5 10 
3009 - 2 1 3 
3010 1 1 
3011 5 13 18 
3012 1 1 
3016 29 1 30 
3018 1 
3019 3 3 
3020 1 1 2 
3021 2 2 
3022 1 1 
3025 3 
3026 2 
3028 16 16 
3033 1 1 
3036 1 1 
3039 1 4 5 
3040 4 1 5 
3041 1 1 
3042 1 1 1 
3043 4 4 
3044 1 1 
3047 1 1 
3048 1 1 
3049 37 12 49 
3050 1 39 1 849 
3051 3 , 3 
3056 1 1 
3058 1 1 2 
3060 '1 1 
3062 1 1 2 
3063 2 3 5 
3064 5 4 1 1 11 
3067 ..... 
Total 28 212 2 54 296 
Percent 9.5 71.6 0.6 18.2 99.9 
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TABLE 10 
FIELD A, AREA 4 
LOCUS LR SR TOTAL 
4002 1 1 1. 3 
4007 1 1 
4009 1 1 
4010 2 1 3 
4017 1 2 1 3 
4023 11 1 12 
4025 6 1 7 
4031 1 3 1 5 
4063 1 1 _ 2 
Total 5 26 2 5 37 
Percent 13.5 70.3 2.7 13.5 100.0 
TABLE 11 
FIELD B, AREA 1 
LOCUS LR SR E S TOTAL 
1016 1 1 2 
1018 1 1 
1040 1 1 
1048 4 5 3 1 13 
1064 1 1 
1067 4 6 2 12 
1068 5 5 
1070 1 1 
1076 1 4 5 
1080 1 1 
1081 4 5 
1082 1 1 
1083 1 1 2 
1084 3 1 4 
1085 4 1 1 6 
1086 1 1 
1089 1 1 2 
1094 1 1 
1096 1 4 5 
1101 1 1 2 
1105 _ 3 3 
Total 12 37 13 13 74 
Percent 16.0 49.3 17.3 17.3 99.9 
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TABLE 12 
FIELD B, AREA 2 
LOCUS LR SR E 	S TOTAL 
2003 1 1 3 5 
2007 5 3 8 
2020 1 1 
2026 1 • 1 
2052 1 7 5 13 
2060 1 18 68 87 
2064 1 1 2 
2074 6 6 
2075 1 1 1 3 
2070 1 1 1 3 
2078 13 13 
2080 1 22 30 
2082 1 1 
2084 1 1 
2087 7 7 
2089 1 1 
2070 1 1 
2071 1 • 1 
2072 1 6 7 
2073 -1 1 
2075 1 3 
2097 2 2 
2103 1 3 4 
2104 2 6 8 
2105 2 1 3 
2107 7 7 
2108 1 1 
2110 1 2 
2117 1 5 9 
2122 1 1 
• 2123 1 1 
2124 1 1 
2126 3 3 
2128 2 2 
2132 1 2 3 
2133 1 • 3 5 
2134 2 2 
2135 1 1 
2136 1 1 
Total 16 62 2 171 251 
Percent 6.4 24.7 0.8 68.1 100.0 
81 
TABLE 13 
FIELD B, AREA 3 
LOCUS LR SR E S TOTAL 
3001 1 1 2 
3002 4 13 3 7 27 
3003 1 15 3 19 
3004 10 10 
3005 1 1 2 2 6 
3007 5 3 1 9 
3008 2 2 
3009 3 1 4 
3011 1 1 
3016 1 1 
3017 3 3 6 
3019 1 5 7 13 
3020 6 45 2 23 76 
3022 5 4 1 10 
3024 2 2 
3025 11 2 13 
3027 5 5 
3029 2 2 
3032 1 2 3 
3037 1 2 3 
3042 5 6 2 1 14 
3044 3 1 2 6 
3046 3 10 1 14 28 
3047 1 1 
3048 1 3 4 
3050 1 1 
3054 4 13 6 23 
3055 1 1 
3058 1 1 
3059 1 1 
3060 1 2 3 
3063 1 1 
3065 1 1 
3066 1 2 7 10 
3067 1 1 
3068 1 7 4 12 
3071 1 4 15 20 
3074 2 1 3 
(Continued . . • ) 
TABLE 13 (Concluded) 
LOCUS LR SR E S TOTAL 
3078 2 3 5 
3082 3 2 5 
3085 2 8 3 13 
3086 2 2 4 
3087 2 1 3 
3088 3 1 4 
3090 1 1 
3092 1 1 
3093 1 1 
3099 1 3 4 
3108 2 6 2 10 
3110 4 2 6 
3112 1 1 
3114 3 2 5 _
Total 68 207 12 121 408 




FIELD B, AREA 4 
LOCUS 	LR 	SR 	E 	S 	TOTAL 
4001 30 18 1 49 
4003 1 1 2 
4004 1 1 
4007 1 2 3 
4009 2 2 
4016 4 4 
4017 10 1 11 
4024 1 
4025 1 1 
4031 1 1 
4056 2 3 5 
4069 4 5 
4070 1 
4071 2 
4085 1 1 
4086 4 4 
Total 46 31 14 93 
Percent 49.5 33.3 15.1 100.1 
TABLE 15 
FIELD B, AREA 5 
LOCUS 	LR 	SR 	E 	S 	TOTAL 
5001 15 14 4 33 
5004 1 1 
5005 1 1 2 
5006 9 13 1 25 
5008 4 1 5 
5009 4 4 8 
5010 1 2 3 
5011 1 1 
5012 3 2 1 6 
5021 1 1 2 
5024 2 3 
5029 1 1 
Total 41 40 1 8 90 
Percent 45.6 44.4 1.1 3.9 100.0 
84 
TABLE 16 
FIELD C, AREA 2 
LOCUS LR SR TOTAL 




2353 1 1 
2349 1 
Total 1 2 2 6 
Percent 16.7 33.3 16.7 33.3 100.0 
TABLE 17 
FIELD C, AREA 3 










3008 1 7 4 12 
3009 1 1 
3015 6 3 9 
3020 4 1 5 
3025 3 1 4 
3032 1 1 1 3 
3034 1 1 
3035 13 1 14 
3043 1 1 
3047 3 1 4 
3052 1 1 2 
3064 1 1 
3069 ____ 1 ___. 
Total 16 21 13 11 61 
Percent 26.2 34.4 21.3 18.0 99.9 
85 
TABLE 18 
FIELD C, AREA 4 
LOCUS LR SR TOTAL 
4002 1 1 2 
4011 1 1 2 
4013 1 1 2 
4019 1 1 2 
4025 1 1 1 3 
4028 2 2 
4037 1 1 
4038 1 1 
4040 1 1 
4048 1 1 
4053 2 2 
4054 1 1 
4060 1 1 
4063 1 
4064 2 2 6 1 11 
4074 1 1 
4076 1 1 2 
4077 1 1 
4079 3 1 3 7 
4080 5 5 
4083 3 2 1 6 
4085 1 1 
4090 4 1 5 
4114 1 1 
4121 1 3 4 
Total 11 24 19 12 66 
Percent 16.7 36.4 28.8 18.2 100.1 
86 
TABLE 19 
FIELD C, AREA 5 
LOCUS 	LR 	SR 	E 	S 	TOTAL 
5002 3 6 3 12 
5003 2 2 
5008 1 1 
5011 5 5 
5022 1 4 1 6 
5024 1 1 
5028 1 1 
5029 2 2 
5033 1 1 
5050 1 1 
5052 1 1 
5080 1 1 
Total 5 9 19 1 34 
Percent 14.7 26.5 55.9 2.9 100.0 
SEWER PROBE 
2 4 2 9 
4 1 2 3 
Total 4 6 0 2 12 
Percent 33.3 50.0 0.0 16.7 100.0 
87 
TABLE 20 
DISTRIBUTION OF IDENTIFIED BONES* 
BY POTTERY BUCKET (P.B.) 
FIELD A, AREA 1 
P.B. LR SR E S TOTAL 
1 1 
8 1 15 3 19 
9 3 1 4 
10 1 2 2 5 
20 1 1 
23 2 4 34 40 
28 1 1 
63 1 1 
125 1 1 
150 1 
159 1 1 
172 3 1 
174 1 1 
178 1 2 3 
187 1 3 
193 3 4 
196 3 
206 1 1 
208 2 1 4 
211 2 3 
213 1 1 
214 1 
216 1 1 2 
250 1 1 
258 1 1 
260 2 2 4 
261 1 1 2 
264 6 6 
265 2 1 3 
269 2 4 6 
271 3 3 
274 2 2 
275 3 1 4 
278 3 3 
285 1 3 4 
291 1 5 2 8 
295 1 1 
296 12 1 13 
316 1 4 5 
Total 30 79 58 170 
*Only those areas are included for which I was able to 




P.B. LR SR TOTAL 
1 3 7 2 12 
7 1 1 
8 2 3 5 
11 1 11 4 16 
24 9 4 13 
30 1 2 3 
33 1 1 
36 7 1 8 
49 1 2 
50 1 1 
53 2 2 
60 4 1 5 
61 2 1 3 
62 2 2 
64 1 1 
67 1 1 
69 1 2 3 
70 1 1 
77 28 1 29 
90 1 1 
92 3 
93 3 3 
94 1 1 2 
95 1 1 
100 3 3 
103 2 2 
106 2 3 5 
107 6 6 
111 10 10 
116 1 1 2 
121 1 1 
122 1 1 
123 1 1 
124 1 3 4 
125 1 
131 1 2 3 
132 3 3 
134 4 1 5 
139 1 1 
140 3 1 2 6 
141 1 1 2 
144 24 3 27 
(Continued ...) 
89 
TABLE 21 (Continued) 












153 1 1 
156 3 3 
162 1 
167 1 3 
171 1 
174 1 1 2 
175 1 1 
178 2 2 
181 6 1 12 
189 1 2 
Total 27 212 2 54 295 
TABLE 22 
AREA A4 
P.B. LR SR E S TOTAL 
6 1 1 
7 1 1 
8 1 1 
11 1 1 
18 1 1 
19 1 
26 1 1  
27 2 2 
34 1 1 
44 1 1 1 3 
47 11 1 12 
52 1 1 
54 2 2 
70 5 6 
75 1 1 
89 1 1 
114 1 2 



































SR E S TOTAL 
6 1 1 9 
1 1 
1 1 2 
2 1 4 
1 1 
1 1 1 3 
1 1 • 
5 1 1 8 
5 3 12 
• 5 5 
2 1 5 
2 2 
1 1 
1 1 3 
3 3 












P.B. LR SR E S TOTAL 
1 5 7 12 
2 3 1 5 
12 1 4 6 
15 4 10 14 
18 1 1 
19 1 1 
21 31 34 
25 1 1 
27 1 1 
60 1 1 
63 4 4 
64 1 1 2 
65 1 1 11 13 
44 1 1 1 3 
47 1 1 
49 1 1 2 
56' 4 4 
57 2 2 
58 1 
66 9 9 
70 1 1 
71 1 1 
76 1 7 8 
72 5 5 
79 1 2 4 7 
94 1 1 
101 5 2 7 
102 5 2 7 
108 3 3 
115 1 3 
123 1 
127 2 7 
129 2 2 
132 1 1 
139 1 1 
133 1 3 16 20 
141 1 3 4 
(Continued 
TABLE 24 (Continued) 
P.B. LR SR E S TOTAL 
154 2 1 3 
157 2 5 7 
163 1 1 
164 7 7 
167 1 1 
160 1 1 
174 2 2 
181 1 1 2 
186 1 5 9 
188 1 1 
192 1 1 
195 3 3 
199 2 2 
213 1 1 
217 2 3 
219 1 3 4 
221 1 1 
222 2 2 
223 1 1 
225 1 
233 1 
234 1 1 
























27 3 6 9 
32 4 3 7 
33 3 1 4 
34 1 1 
38 1 1 2 
42 1 5 2 8 
47 1 1 1 3 
49 3 3 6 
50 15 18 
52 18 20 
68 2 2 
70 3 7 10 
77 1 1 
82 10 1 11 
87 2 3 1 6 
92 1 1 
97 1 3 4 
99 1 1 
107 1 2 3 
116 5 5 
118 1 1 
125 3 4 
127 1 1 2 
134 6 6 2 1 15 
135 1 1 
138 3 12 2 2 19 
144 11 5 16 
150 • 1 1 
152 4 7 1 12 24 
153 2 2 
165 1 1 
166 2 2 
171 3 2 5 
175 1 1 1 3 
176 1 1 
178 2 1 3 6 
181 3 7 3 13 
182 1 1 
186 1 1 
(Continued ...) 
94 
TABLE 25 (Continued) 
P.B. LR SR E S TOTAL 
187 1 1 
189 1 5 3 9 
193 1 1 
194 1 1 
195 1 1 
196 1 1 
197 1 1 
198 1 1 
199 1 1 
201 1 1 2 
202 1 2 7 10 
204 1 1 
205 1 1 2 
207 1 1 
206 1 1 
208 1 2 3 6 
216 1 1 
224 2 1 3 
225 1 3 12 16 
226 1 1 
227 1 1 
231 1 1 
237 3 2 5 
238 1 4 3 8 
242 1 1 
244 2 3 5 
246 1 1 
247 2 8 3 13 	. 
249 1 2 3 
254 2 1 3 
255 3 3 
264 1 1 
272 1 4 5 
275 1 1 
278 1 1 
280 2 1 1 4 
281 4 2 6 
282 1 1 
284 3 2 5 
286 4 5 
296 1 1 
Total 69 206 12 121 408 
TABLE 26 
AREA C3 















































































































































































11 24 19 12 66 
TABLE 28 
COMPUTER DISTRIBUTION OF BONES 



































CA 	. CF 
178 	* 




20V 	* .50 .50 .50 .50 
211 	* 
213 	* .25 .25 .21 .25 
214 	* .33 .33 .33 
216 .33 .33 .33 
250 .20 .20 .20 .20 .20 
758 
Pr,0 	* 
261 	* .33 .33 .33 
764 	* 3.00 3.00 
265 	* .50 .50 .50 .50 
269 	* .50 • .50 . 	.50 .50 




285 	* .17 .17 • .17 .17 .17 .17 
291 	* .25 .25 .25 .25 
795 
296 	* 
7A6 	* .25 .25 .25 .25 
TOTALS .56 2.70 4.10 4.10 3.85 .17 .46 4.08 4.13 .63 .33 .06 .40 ,40 .06 .00 ..00 .00 
orRCENT 
OTST 2.16 10.78 1..75 15.75 14.79 .64 1.76 15.67 15.87 2.40 1.28 .24 1.52 1.52 .24 .00 .00 .00 
1 	* 





TABLE 28 	(Continued) 
S"ALL RUMINANTS BONE DISTRI9UTION FOR FIELD A AREA 1 
LR 	R/9 	n 	ES 	M3 	L9 	B/A 	A 	EA 









.60 '.60 .60 .60 .60 • 
63 	* .50 .50 125 	* .33 .33, .33 
150 	* 
159 	* .25 .25 .25 .25, 172 	* 
174 	* 
.75 .75 .75 .75 
178 	* 
1137 	* 
193 	* •.33 .33 .33 
.67 .67 .67 
196 	* .75 .75 .75 .75 206 	* 
208 	* .29 .25 .?5 .25 
211 	* .50 .30 
213 	* 
214 	* 
216 	* .33 .33 .33 250 	* 
258 	* .37 .33 .33 
260 	* .40 .40 .40 •.40 .40 261 	* .33 .33 .33 
264 	* 
265 	* .29 .25 .25 .25 269 	* 
271 	* , 
274 	* 1.00 1.00 
275 	* • .75 .75 - 	.75 .75 
778 	* .50 .50 .50 .5u .50 .50 
2t5 	* .50 .50 .50 .50 .50 . .50 291 	* 1.25 1.25 1,25 1.25 
295 	* .25 .29 .25 .25 
26 	* 3.00 3.00  %no 3.00 
716 	* 1.00 1.08 1.00 1.00 
TOTALS 1.19 9.75 9.42 11.34 12.62 1.86 4.15 4.65 4.65 3.84 .78 1.05 3.32 2.45 .94 .00 .00•  .00 
PFRCENT 
01ST 1.6K 13.94 13.08 15.75 17.52 2.58 5.77 6.46 6.46 5.33 1.08 1.46 4.60 3.41 1.3n .00 .00 .00 
TABLE 28 (Continued) 
�UIF"Of!MES scr�r OISTRIRIJTION FO� F?r.LO A AREA 1 
p .r.. H P. ER r.m LR RIB 8 EB Mf3 LR 8/A A EA �A LA CA CF M '. 
------------ ------------------------- ---------------------------------------------------------------------- -----
l * 





t 50 * 
1 r-o * 
, 72 • 
� 74 * .67 .67 .67 
nu * .33 .33 .33 
187 'I'! 
193 "' 1.00 1.00 1.00 
196 • 
?Cl6 * .so .so 
�08 ,!< 










?-f:9 • 1.00 1.00 1.00 1.00 
?71 * 
?74 * 
?75 * .25 .2!1 .25 .25 
?78 ... 
255 * 
?<l1 * .so .so .so .50 
?95 * 
'.'% * .25 .25 . •  ;,5 .25 
'.7.16 * 
T(lTALS • l'? 3.so 2.59 4.59 5.09 1.00 1.38 ·1.78 .78 .38, .oo .19 .19 .19 .1 CJ .oo .oo .oo 
PfRCENT 
DTST .8� 15.91 11. 76 20.as n.13 4.55 6.25 a.01 3.52 1. 10, .oo .sis .e!S ,85 .a-; .oo. .oo • (10 
\0 
CX) 
TABLE 28 (Continued) 
LftRGt RU�INANTS BnNE OISTPI8UTI0N FOR FIELD A AREA 3 
H R ER . LR R/B 8 EB MB LB _0/A A EA LA CA 





















































































.GO • c.o 
.33 
.67 





148 	* • 
149 
ER MR 
LAPSE RUMTNANTS CONE 
LB 	RIB 	B 
DISTRICUTION FOR 





A 	EA MA LA CA CF 









181 	* 2.00 2.00 2.00 
109 	* .50 .50 
TPTALS .0n .00 .on .ne .00. .00 9.27 2.00 5.00 5.27 .60 .00 3.27 1.60 .00 .00 .00 .00 
PrRcENT 
01ST .00 .00 .00 400 .00.  .00 34.32 7.41 18.52.  19.51 2.22 .00 12.10. 5.93 .00 .00 . 	.00 .00 
TABLE 28 (Continued) 
SMALL RUMINANTS RONE DISTRIBUTION FOR FIELD A AREA 3 
P.S. H 	0 	ER mR. LR RIB 8 	ER MB LS 8/A A 	EA MA LA CA CF:- M 
1 1.40 1.40 1.40 1.40 1. 40 
7 * 
8 * 1.00 1.0,0 1.00 
11 * 11.00 
24 * 3.or, 3.00 3.00 
30 .67 .67 .67 
33 * 
36 3.50 3.50 
99  
* .33 .33 .33 
53 * 
60 * 1.33 1.33 1.33 
61 * .67 '.67 .67 
6? .67 .67 .67 64 .33 .33 .33 
67 * 
69 * .67 .67 .67 
70 . 1.(10 
77 * 20.00 
92 . 
93 * 1.50 1.50 
94 * .33 	. .31 .33 
95 * .25 	, .25 .25 .25 
100 * 
103 * 2.00 
106 * 1.00 1.0) 1.00 
107 * 2.00 2.0 2.00 
111 5.00 5.00 
118 
121 * .33 .3S .33 
122 * 1.00 
123 * .25 .25 .25 .25 
124 * 1.00 1.00 1.00 
125 * 
131 .67 .67 .67 132 1.00 1.00 1.00 
134 * 1.00 1.00 1.00 1.00 
139 .33 .33 .33 
ER 
TABLE 28 (Continued) 
SMALL numTmANTs soNc DISTRVIUT/ON FOR FIELD A 
MR 	LR 	P/8 	13 	ED 	mn 	in 	.8/A 
AREA 3 
A 	EA mA LA CA CF 
140 	* .60 .60 .60 .60 .60 
141 	* .17 .17 .17 .17 .17 .17 
144 	* 0.00 8.00 8.00 
140 13.00 
149 	* .25 .25  .25 .25 
153 	* 
154 	* 7.20 7.20 7.20 7.20 7.20 
356 	* .75 ,75 .75 .75 
162 	* .50 :50 
167 	* 1.00 1.00 
171 	* 
174 	* .33 .33 .33 
175 	* 
178 	* 
181 	* 1.33 1.33 
1.33 
189 	*. .50 .58 . 




OTsT .00  .00 .47 .08 .00 20.17 4.69 7.59 42.23 8.58 .00 	11.81 4.09 .80 .00 
.00 .00 
TABLE 28 (Continued) 










































































ER 	• 	MR 
.50 
.33 























































TABLE 28 (Continued) 
SU/FORmES BONE 0151RTnuTION FOR FIELD A AREA 
P.R. 
140 
En MR LB p/n n ES 
.4.0 
MS 	Ln 
• .40 	.40 




LA CA tr 
1.41 	* .17 .17 417 	.17 .17 .17 
144 	* 1.00 1.00 1.00 
J48 	* 3.00 
149 	. 
1'7,3 
154 	* 2.20 2.20 	2.20 2.20 2.20 
156 
162 	* 
167 	* .50 .50 
171 	* 
174 	* .33 .33 	.33 
375 	* .33 .33 	.33 
178 	* .50 .50 .50 ..50 
181 	* .33 .33 .33 
18.9 	* 
TrTALs .01 .00 .00 .83 .67 .00 12.60 2.23 7.77 	15•83  u.43 .00 9.00 3.63 .00 .00 .00 .00 
pF0cENT 
01ST .01 .00 .00 1.46 1.17 .00 22.11 3.92 13.63.27,78 7.78 .00 15.79 6.37 .00 .00 , 	.00 
TABLE 28 (Continued) 
LARGE RUMINANTS BONE 0/STP,IBUTION FOR FIELD A AREA 4 








27 ..00 1.00. 
34 	* 





75 	* .33 .33 .33 
69 	* 
114 	* .20 .20 .20 .20 .20 
I0TALS' .2n .20 .20 .20 .87 ..00 .33 .33 1..00 1.67 .00 .00 .00 .00 .00 • .00 . 	o .00 
PFPCENT 
DIST 4.00 4.00 4.00 4.n0 17.33 .00 6.67 6.67 20.10 33.33 .00 .00 .10 .00 .00 .60 . -.00 .60 
TABLE 28 (Continued) 
$”ALL RUMINANTS BONE DISTRIBUTION FOR FIELD A AREA 4 
P•P• 	ER MP LR P/B B ES Me Le B/A A EA MA LA CA CF 
6 	* 
7 '..33 .33 .33 
8 	* .33 .33 .33 .  . 
11 	* .25 .25 .25 .25 
18 .33 .33 	. .33 
26 	* .33 .33 .33 
27 	* 
34 .50 .50 
u4 	* .33 .33 .33 
,47 11.00 
52 	* .5n .5n 
54 	* .67 .67 .67 




'VITALS .on .00 .00 .00 .33 .33 5.42 .00 .4..92 16.75 .00 .00 .92 ...33 .00 •.00 .00 .00 
PFPCENT 
01ST .0n .0_0 .00 .00 1.28 1..28 20.83 .00 7.37 64.42 .00 .00 3.53 1.28 .00 .00 .00 .00 









DISTRIBUTION FOR F/ELO A AREA 












44 .33 .33 .33• 47 	* 1.00 
52 	* 
54 	* 





ToTALS .08 .00 .00 .00 .33 .00 1.33 .00 .33 2.67 .00 .00 .33 .00. .00 .to .00 .00 
PFRcENT 
01ST .00 -.00 .00 . 00 6.67 .00 26.67 .00 6.67 53.3 .00 .00 6.67 .00 .00 .00 400 00 
TABLE 28 (Continued) 
LARGE RUMINANTS BONE DISTRIZUTION FOR FIELD B AREA I 
P.B. 
2 	* 




D/A A .EA 
.33 
MA LA CA CF 
2 	* 
8 	* 
9 	* •33 .33 .33 
11 	* 
12 
16 	* .33 .33 .33 








113 	* 1.00 
134 	* 
138 	* .50 .5n 
139 	* 
142 	* 
TOTALS • A '.00 .00 .00 .00 .00 ..50 1.17 2.00 5.00 .50 
.50 .83 .50 .00 .00 . 00 .00 
PrRcENT •.on 
OTST .0n .00 .00 .00 .00 ,;00 5.56 12.96 22.22 
33.33 5.56 5.56 9.26 5.56 .00 .00 
MR 
TABLE 28 (Continued) 
SMALL RUmTNANTS BONE DISTRIBUTION FOR FIELD 
LR 	RIP 	8 	En 	V9 	LB 	B/A 
8 AREA 1 
A 	EA 0A LA CA CF M 
2,00 2.00 2.00. 
2 	* .25 .25 .25 .25 
• 6 .33 .33 .31 
• .67 ,67 „67 
11 .33 . 	.33 .3:3 
12 	* .33 .33 .33 
16 	* .33 .33 .33 
17 .63 .63 .63 ..63 .63 .63 .63 .63 
22 	* 2.50 • 2.5o 
03 	* .50 .nn. .50 . 	.50 
29 	* .50 .50 
36 	* .50 .50 
45 	* .73 .75. .75 .75 
81 	* 1.00 
113 	* 
134 	* 
138 	* .S0 .50 
139 	* 
142 	* 
VITALS ..00 .00 . .00 .00 .00 3.13 2.88 6.38 11..12 1.38 1.13 4.63 1.38 .00 .00 .00 00 	• 
PFRCENT 
01ST . 	n .00 .00 .00 .00 9.77 8.98 19.92 34.77 4.30 3.52 14.4. 5 4.30 .00 400 .00 .00 
TABLE 28 (Continued) 
SU/FORmES BONE BISTR/BUTION FOR FIELD B AREA 




















TOTAL .00 .00 .08 .00 .00 .00 1.00 .67 
PERCENT 








5.50 .00 .00 .33 .00 .00 .00 .00 .00 




















ED 	Mn 	LB 
1.00, 
FIELD B AREA 2 








44 * 1.00 
47 * 





















133 * .10 .50 
132 * 
139 * 
141 * .33 . .33 
154. 
m 
TABLE 28 (Continued) 
LARGE RUMINANTS BONE DISTRIBUTION FOR F/ELO B AREA 2 







181 	* .50 .50 






217 	* .20 .20 .20 .20 .20 
219 	* 




234 	* 1.00 
TriTALS ..Or' .00 .67 1.45 1.87 .00 3.00 .58' 	2.62 5.12 .70 .00 .00 • .00 .00 .00 .00 .00 
PFPCENT 
01ST 	• .00 .00 4.17 9.06 11.67 .00 18.75 3.65'16.35 31..90 4.38 .00 .00 .00 ...00 .00 .00 .00 
TABLE 28 (Continued) 
SMALL RUMINANTS BONE DISTRIBUTION FOR FIELD S AREA 2 
ER 	MR . LR 	R/0 	B 	EC 	P8 	LI ..S/A 	A 	EA 	MA 	LA 	CA 	CF 
I * 5.00 
2 * 3.00 
12 * 1.00 
15 1.33 1.33 1.33 
18 * 
19 * 
21 -* 1.00 1. 00 1.00 
25 * 
27 
44 * 1.00 
47 *. 












76 * .33 .33 .33 
79 * .50 .50 ..750 .50 
94 * 
101 * 2.50 2.50 
102 * 2.50 2.50 
1C8 * 
115 * 1.00 1.(10  
123 * .50 
127 * 2.50 2.50 
129 * 




154 .67 .67 .67 
TABLE 28 (Continued) 
P.P. ER MR 
SWILL RUMINANTS BONE DISTRIBUTION FOR FIELD 0 
LO 	R/B 	- 	0 	EB 	MB 	LB 	P/A 
AREA 2 
A 	EA MA LA CA CF-. - 





174 	* 1.00 1.0.1 
1e1 	* .50 .50 
186 	* 1.00 
188 	* 
192 	* .50 .50 
195 	* 3.00 
199 	* 1.00 1.00 
213 	* 
217 	* .40 ..40 .40 .40 .40 
219 	* .20 .20 .20 .20 	.20 
222 	* 




TOTALS .on 1.00 .20 1.10 .60 .00 4.00 0.70 19.27 23.07 2.57 .00 1.50 .00 .00 .00 .00 
PFPUNT 
DIST .00 1.81 .32 1.77 07 .00 6.'45 14.03:31.0A 37.20 4.14 .00 2.42 .00 .00 .00 ,CM. .00 





P 	ER . 	mn 
SUIFORMES ROME 




FOR rito B AREA 
LP 	. P/A 	. A 
2 
EA 	MA 	LA 	CA 	CF 
2 * 1.00 
12 0 4.00 
15 ik 3.33 3,33 3.3S 
18 * .50 .50 
19 * .50 .50 
21 * 10.33 10.33 10.33 
25 * .33 .33 .33 
27 * .33 .33 .33 
* 1.00 
47 * 1.00 
49 * 
56 * 4.00 
57 * 2.00 
58 * 
60 * 1.00 
63 * 4.00 
64 * .33 .33 .33 
65 * 3.67 3.67 3.67 
66 * 3.00 .3.00 3.00 
70 * .25 .25 .25 .25 
71 * .33 ,33 .33 
72 * 1.67 1.67 .1.67 
76 * 2.33 2.33 2.33 
79 * 1.00 1.00 1,00 1.p0 
94 * .50 
101 * 140 .1.00 
102 * 100 1.00 
108 * 1.00 1.00 1.00 
115 * .50 .50 
123 * 
127 * 1.00 1.00 
129 "* 1.00 1.00  
133 * 8.00 8.00 
132 .50 .50 
139 * .25 .P5 .25 .25 
141 * 1.00 1,00 1.00 
154 * .33 .33 .33 
m 
TABLE 28 (Continued) 
�Uii:'OfWES p.nr�r DISTRigUTICH� FOR Fin O 8 /\REA 2 
r.e. H R f.R LR R/£3 0 EB LB B/A A EA LA CF M 
----------- .--- . ------- · ----------------- . ------------------------------------------------· ----�---------------. ----
157 "' 2.50 2.50 
,.60 * �50 • �. IJ 
H,3 * 1.00 
H,4 ,. 3.50 3.50 
H,7 • .so .so 
1.74 ,.. 
,r•.1 "' 
1c6 * s.on 




:'113 * .33 ,33 .33 
?17 * 
?19 * .60 .;o ,60 .so .£0 
��2 
?23 * 
ns * .so .so 
n3 * 1.00 
2:34 "' 
Tr,T IILS • 00 .oo .as '.3. '-1-3 .60 .oo 20.00 :54,52 44.�3 56.83 a.33 .oo 1,50 .oo • Qt) .oo .oo .oo
f-'fP.CP!T 





TABLE 28 (Continued) 
LARGE RU�INANTS RON( oISTRJnUTION FOR FIELD R ARCA 3 




7 * .50 .so 
a .  
12 "' 
:!7 "' .75 ., 75 .75 .75 
32 * 1.33 1433 1.33 
34 * 
:·rn • .so .so 










87 * 1.00 1.00 
92 * 
9� * .67 • ,; 7 .67 
107 * 
116 * 
, ?.5 • .so • "iO 
l27 • 
i 34 * 2.oc 2.ot' 2.00 
138 "' 1.so 1.50
1114 * 
150 * 




175 ,.. .33 .33 .33 
176 * .33 .33 .33 
1 7!3 * .67 .67 • 6 7
H\l * 1.00 1. 00 1.00 
H2 * 
l[l.6 .. 
H7 * .33 .33 • ?I� 
189 * .50 .!Hl 
TABLE 28 (Continued) 
LARGE RU�INANTS BONE DISTRIBUTION FOR FIELD B AREA 3 




, '::i(, "' 
197 * 
;98 "' 
































T(",TAL� • Ofl 
Pf:"PCEMT 
DI.ST • O!l 
.20 
.25 
2.se .oo • r.o . • 58 .20 










































.co 10.52 • 75 .so .oo .oo .oo 





TABLE 28 (Continued) 
SM�LL PUMINANTS AON[ OISTRIBUTIO� FOR FIELD B APEA 3 
P.B. H p, LR r�,n B EB t.B 8/A A LA CA. CF' M 
-----------------�--------------------------------------------------------------------------------------------------
7 * • '50 .sn 
6 • 1s.oo 
1.?. ... 
21 * 1.50 1. '50 
32 * 1.00 LOO 
:,4 ,.. .so .so 
38 "' 
42 * 1.67 1.,;1 1.67 
1,9 * 3.00 
5(\ ... 
52 ,. E', ·• 0 r, 6.00 6 .rn
f'..8 .... 
7C * ·1.so 1. 5n 
77 "' .33 .3� .33 
82 * ,�so 2.�!J ,.so 2.50 
P,1 * 1. 50. 1, !)0 
92. "' ,?5 .2!; ,25 .2s
',9 *
107 * .so • !'ifl 
11.6 * 1.25 1.:-� 1.2s 1.25 
l25 * 1.�o l .!'10 
121 * .33 .33 ,33 
134 * 2 .• 00 2. no 2.00 
,�e * 6.00 6.(10 
l44 • 3.67 3 o•h 7 3.67 
150 *
15<'. ,.. 2.33 2. 3:'l 2.33. 
!$3 "' • 50 .�o .so ,50 
165 ...
'71 * 1. 00 1.00 1.00 
175 *
176 •
178 * .33 .:'53 ,33 
1 I). 











TABLE 28 (Continued) 
SMALL RUMINANTS BONE DISTRIBUTION FOR FIELD 8 
mR 	LB 	RIO 	8 	E8 	MB 	LB 	..B/A 
AREA 3 
A 	EA MA LA CA 	• CF 
194 .50 .50 





P(.11 	* .50 .50 




207 	* ,25 .25 .25 .25 
208 	* .67 .67 .67 
216 	*, 
P24 	* .67 ,67 .67 
225 	* 1.00 1.c0 1.00 
22.6 	* 
727 	* .33 .33 .33 
231 	* •.33 .33 .33 
2.37 1.50 1.5.0 
238 	* 1.00 1.00 1.00 1.00 
P42 	* .50 .50 
24 	* 1.00 1.00 
246 	* .33 .33 .33 
24/ 	* 2.67 2.67 2.67 
.2149 .25 .25 .25 • .25 
254 	* .33 .13 .33 
255 	* 
264 	* .20 .20 .20 .20 .20 
272 1.00 1.00 1.00 1.00 
275 	* 
278 	* 
2/70 .20 .20 .20 .20 .20 
2M 	* 1.00 1.00 
282 	* 
24 	* 1.00 1.00 • 
286 1.33 1.33 1.73 
. TOTALS .00 3.50 .00. .20 2.67 .00 51.90 2.20 29.32 63.32 5.137 .00 14.78 2,53 3.67 .00 • .00 ,.00 
RFRCENT 
DTST .00 1.89 .00 .11 1.44 .00 28.05 1.19 15.85 36.93 3.17 .00 7.99 1.40.  1.98 . 	.00 .00 .00 








































TABLE 28 (Continued) 
SUIFOR�ES BONE DISTRI�UTION FOR FIELD B·AREA 3 
LR R/A B EB 
1.00 
.50 .50 





















































DISTRIpUTIM 	FOR FI810 8 AREA 3 





198 	* .33 .33 .33 
199 	•* .50 .50 
201 	* .50 .50 
202 	* 3.5n 3.50 
204 	* .25 .25 	.25 ,.25 
205 	* .20 .20 .20 	.2.fl .20 
206 .50 	.50 
207 
206 	* 1.00 1.00 	1.00 
216 	* .33 .33 .33 
224 .33 .35 	.33 
725 	* 4.00 4.00 	4.00 
P26 	* .33 .33 	.33 
227 	* 
231 	* 
237 	* 1.00 1.00 
238 	* • .75 .75 .75 	.75 
242 
244 	* • 1.50 1.50 • 
246 	.* 
747 	* 1.00 1.00 	1.00 





275 	* 	• 1,00 






TOTALS • 	.0.0 1.00 .00 • .20 .87 .26 32.07 1.28 27.07. 44.70 -i.42 .00 7.12 .92 2.17 .00 .00 .00 
PrACrNT: • 
01ST 	.01 .84 	
0 
 .00 .17 .73 .17 28.95 1.08 22.75 37.56 1.19 '.00 5.98 .77 1.82 .00 .00 .00 
P.B. ER MR 
TABLE 28 (Continued) 
LARGE RUMINANTS BONE DISTRIBUTION FOR FIELD C AREA 
LP 	R/B 	EB 	MB 	LP 	.S/A 	A 
3 
EA MA LA CA CF M 
O 	* 
13 * 














1:35 	* .33 . 33 .33.  
TOTALS .00 .00 .33 .58 .58 .00 .25. .00 .00 	1.25 .00 .00 .00 .00 .00 .00 .00 
PFRCENT 
01ST .0n .00 11.11 19.44 19.44 .00 .33 .00 .00. 41.67 .00 .00 .00 .00 .00 .00 .00. .00 












SmALL RUPTNANTS BONE DISTRIBUTION Fn8 



















65 	* 1.00 
77 	* .25 .25 .25 .25 78 	* .33 .73 .33 
80 	* • 4.5o 	4.55 
85 	*. 1.00 1.00 • 1.00 1.50 105 	* 
110 	* .50 .50 .50 	.55 
118 	* .25 .25 .25 .25 128 	* 
135 	* 
TOTALS .55 .50 .20 1./8 1.25 .00 7.55 .75 5.20 	16.03 .00 .00 1.28 .00 .08 .00 t .00 
PrRcENT 
DIST .on .n0 .59 5.25 3.68 .00 22.06 2.21 15.29 1;7.16 .00 .00 3.77 .00  .0.1)  .60 .00:' .00 
TABLE 28 (Continued) 
suirwits SON OISTRTSUTIOM FOR FIrLD C AREA 3 











ro 00 .50 
B5 	* 
105 .20 .20 .20 .20 .20 
110 	* 
118 	* 
128 	* 1.00 
135 	* 
TOTALS .00 .00 .on .00 .20 .20 2.20 .00 .70 4.70 .00 .00 .00 .00 .no .00 .00 .00 
PERCENT 
DIST .0P .00 .00 - e on 2.50 2.50 27.50 .00 0.75 58.75 .00 .00 .00 .00 .00 .00 .00 .00 






 	r 	 
H 8 .ER 	. mR 
LAROF RUMINANTS CONE DISTRIBUTION FOR 
LR 	RID. 	B 	CB 	MB 	LC 


















65 	*g .50 .50 
70 	* 
71 	* .50 
00 	* 
n2 	* .33 .33 .33 
03 	* 
05 	* .1.50 1.50 





TOTALS .00 .00 .00 .50 .50 .50 3.33 .00 1.33 2.S3. .00 .00 .00 .50 .50 .00 .00 .00 
RFRCENT 
nIST .0n .00 .00 5.00 5.00 5.00 33.33 .00 13.33 28.33 .00 .00 .00 5.00 5.00 .00 .00 .00 
TABLE 28 (Continued) 
• SMALL RUMINANTS BONE DISTRIBUTION FOR FIELD C AREA 4 
P.B. 	 ,ER 	MR 	LR 	R/B B 	ES 	MB 	LB 	B/A A 	• EA 	MA 	•LA 	CA 	CF .  
3 	* 
4 	* .50 .50 
8 	* 
13 	* .33 .33 .33 
17 	* 2.on 
22 	* 1.00 
28 	* 1.00 
42 .33 .33 .33 
44 	* 1.00 
52 	* 
54 .33 .33 .33 
58 	* 1.00 
59 	* .50 .50 
65 	* 
70 
71 	* 1.00 1.00 
80 	* .20 .20 • .20 .20 .20 
82 	* 
E3 	* 1.00 1.00 	' 
05 	* .50. .50 
P8 	* .67 .67 .67 ' 
SO 	* .50 .50 
96 	* 2.00 2.00 
114 	* 
118 	* 1.00 • 
TrIALS . 	.00 .00 1.53 ..53 .0.0 13.20 .00 1.00 6.87 . .33 .00 .53 ..00 .00 .00 .ot .00 
PrPCENT 
CTST .00 .00 .00 6.39 2,22 .00 55.00 .00 4.17 28.61 1.39 .00 2.22 .00 .00 .00 .00 .00 
TABLE 28 (Concluded) 
SUIFOR�ES eoNE DISTRIBUTION FO� FitLD C AREA � 
P.s. H R (R LR R/R A EB LP. !3/A A LA CJ\ CF M -- .--·


















































• oo E-3,l'':! 
.so 




,25 • ?,3 1. 50 .33 .oo .33 .oo .oo ,00 .• 01.) .oo 
2.08 2,7l' 12.50 :?.78 .oo 2.76 .oo .oo ,oo .oo .no 
• TABLE 29 
COMPUTER DISTRIBUTION (TOTALS) 
LARGE RUMINANTS BONE oISTRIBUTTON FOR 
FIELDS A A A 
AREAS 1.3 4 
R 	ER 	MR 	LP 	?VD 	a 	EB 	MB 	LB 	IVA 	A 	EA 	MA 	LA 	CA. 	CF 	M 
TOTS 	.76 2.90 4.30 4.70 4.71 .17 10.0,  6.41 10.12 7.56 .93 .06 3.66 2.00 .06 .00 .00 .00 
% 
01ST 1.31 5.00 .41 7.41 8.13 .29 17.34 11.05 17.46 13.03 1.61 .11 6.31 3.44 .11 .00 .00 .00 
SMALL RUMINANTS BONE 0ISTRIPUT/ON FOR 
FIEIns A A A 
AREAS 1 3 4 
ER MR LP P/8 8 ED MO LS S/A A EA MA LA CA :"CF 
ToTs • . 1.19 	9.75 	0.42 12.34 )3.12 	2.19 52.34 14.59 23.29 110.12 18.96 	1.05 29.27 11.45 	.94 	.00 	.00 	.00 
01ST 
	
3.15 1.04 3.98 4.23 .71 16.88 4.71 7.51 35.52 6.12 .34 9.44 3.70 .30 .00 .00 .00 
suiFonns BONE DISTRIBUTION FOR 
FIELDS A A A 
AREAS 1 3 4 
ER 	mP 	LP 	P/3 	P 	CB 	MB 	LB 	e/A 	A 	EA 	MA 	LA 	CA 	-,CF 
TOTS 	.19 	3.50 	2.59. 	5.42 	6.09 	1.00 15.31 • 4.01 	8.88 18.87 	4.43 	.19 	9.52 	3.82 	.19 	.00 	•:.00 	.00 
01ST 	.22 4.17 3.05 6.45 7.25 1.19 18.22 4.77 10.57 22.47 5.28 .22 11.33 4.55 .22 .00 -.00 .00 
TABLE 30 
PROpORTIONS OF noNcs FOR EACH ERA 
Fit:LDS A A A 
AREAS 	1 3 4 
ANTseAL H R ER mR LR R/B R En MR _LES P/A A EA MA LA CA . 	0F 
LARc.r 
RuNt, 35.A7 17.96 2g.35 19.48 19.70 4.96 12.94 25.63 23.94 5.54 3.84 4.81 8.63 11.56 5..26.  .00 .00 .00 
svPit.t. 
RuY 55.,6 60.37 57.79 55.94 54.84 6,.29 67.35 50.34 55.07 80.64 77.94 00.75 68.94 66.32 70.95 .00 .00 .00 
Stir 8.77 21.67 1.87 24.58 25.45 29.75 19.70 16.03 20.99 13.82 18.22 14.44 22.43 22.12 15.79 .00 .00 .00 
TABLE 31 
p ft rp mp LP . 	P/6 
LARGE RUMINANTS noNE oisiRxnuiloN FOR 
FIELDS B B C . 
AREAS 	1 2 3 
B 	EC 	m8 	LB 	. 8/A A CA MA 	: LA CA • CF 
TOTS .10 2,50 .67 1.45 2,45 ..20 22.60 2.58 16.97 25.63 2.27 .50 11.35 1.25 .50 .00 .00 .00 
01sT .00 2.84 	. .73 1.59 2.69 .22 24.e4 2.84 18.64 20.17 2.49 .55 12.47 1.37 .55..  .00 .00 .00 
SMALL RUMINANTS BONE DISTRIBUTION FOR 
FIELDS 8 BR ' 
AREAS 	1 2 3 
H R ER VP LB . 	n/p B 	EB 	MB LB S/A A EA MA LA CA .  CF m 
*TOTS .P0 4.50. .20 1.30 3.27 .00 59.02 	13.77 	54.96 102.51 9.81 1.13 20.91 3.96 3.67 . 00 .00 .00 
.% 
01ST .n0 1.61 .07 .47 1.17 .00 21..16 	4.94 	19.70 36.74 3.52 .40 7.49 1.42 1.31 .06 ..00 .00 
SUIFORmES BONE DISTRIBUTION FOR 
FIELDS B 	6 
AREAS 	1 2 3 
ER, mp LB RIB B. 	CO 	MP . 	LS B/A A EA MA LA' CA: CF 
TOTS ,00 1.00 .85 . 3,63 1.u7' .20 53.07 	36.47 	76.50 107.03 9.75 00 8. 95 .92 2.17 .00 .00 .00 
01ST .10 .33 .28 1.20 .49 .07 17.57 	12.08 	25,33 35.44 3.23' .01 2.96 .30 .72 .00 ...00 .00 
TABLE 32 
PROPORTIONS OF BONES FOR EACH ERA 
FIELDS 	B 	t3 	B 	. 	• 
P,REAS 	1 	2 3 




.nn 31.96 384 22.72 34.11 50.00 16.78 4.89 11.43 10.90 10.39 30.77 27.54 20.41 7.89 .00 .00 .00 
PUP .00 55,67 it.65 20.37 45.48 .00 43.82 26.08 37.03 43.59 44.94 69.23 50.74 64.63 57.89 .00 .00 .00 
stir .00 12.37 4q.51 56.92 20.42 50.00 39.40 69.03 51,54 45.51 44.67 .0r, 21,72 14.97 34.21 .00 .00 .00 
TABLE 33 
LARGE RUMINANTS BONE OrstP/RuirON FOR • 
FIELDS c c 
AREAS 	3 4 
ER mR LB.. R/8.  B CO MB LB R/A . 	A EA MA LA CA CF 
ToTS .on .00 .33 1,08 1.0e .5o 3.58 .00 . 	1.33 4.08 .00 .00 .00 .50 .50 .00 400 .00 
% 
OIsT .00 .00 	. 2.5 8.33 8.33 3.85 27.56 .00 10.26 31.41 .00 .00 .00 3485 '3.85 400 .00 •.00 
SMALL RUPINANTS BONF. OISTRIPUTTON FOR 
R ER VP LR . P/8 
FIrLOS C C 
AREAS 	314 
8 	EC •  ma LB VA A EA MA LA CA . 	CF PA 
TOTS .00 .00 .20 3.32 1.75 .00 20.70 .75 6.20 22.90 .33 .nn 1.82 .00 .00 .00 op , 	.00 
01sT .flo .00 .34 5.72 3.07 .00 35.69 1.29  10.69 39.48 .57 .n0 3.13 .00 .00 .00 ioo .00 
stliFoRmES BONE DISTRIBUTION FOR 
FIELDS C C 
AREAS 3 4. 
H 	R 	ER 	VR 	• LB 	P/B 	5 	Co 	mB 	. LB 	8/A 	A 	EA 	MA 	LA 	CA 	CF. 	m 
!pis 	.on 	..00 • 	.25 	1.08 	.45 	.20 	9.87 	.25 	1.03 	6.20 	.33 	.00 	.33 . .00 	.00 	.00 	.00 	.00 
% 
01ST 	.00 	.00 	1.25 	5.42 	2.25 	1.00 49.33 	1.25 5.17 31.00 	1.67 	.00 	1.67 ' .00 	.00 	.00 	.00 	.-0.0 
TABLE 34 
PROPORTIONS OF soNrs FOR 
FIELDS C C 
AREAS 	3 4 
EACH ERA 
AVImAL ER MR LP . 	R/8 8 	ED MB L8 niA A EA MA LA CA CF 
LAR.GF 
PAW .00 .00 42.55 19.76 32.66 71,43 10.49 	.00 15.56 12.31 .00 .00 .00 100.00 100.00,  .00 .00 .00 
SMALL 
RUM .00 .00 25.53 60.49 53.77 .00 ' 60.61 	75.10 72.37 69.01. 50.00 00 84.50 .00 .00 ,00 ..on .00 
' 	SU! .00 .00 31.72 17.76 13.57 28.57 28.89 	25,00 12,0G 18.68 50.00 .00 15.50 .01 .00 .00 .00 .00 
TABLE 35 
•LARGE PUmTNANTS PONE- DISTR/oUTION FOR • 
PIELOSAAA88800 





3 	4 	1 • 2 
MB 
3 1 4 
LB R/A A EA MA LA CA -:CF 
ToTS .76 5.48 ,;.10 6.p3 B. .87 36.24 8.59 2%42 37.27, 3,20 .56 15.01 3.75 1.06 .00 .00 .00 
% 
DIsT .47 3.38 '7.27 4.22 5.(19 .54 22.37 5.55 17.55 23.01 1.98 .35 9.27 2.31 .66 .00 .00 .00 
SMALL RUMINANTS BONE 0/SIR/SUTTON FOR 
FIELDS A•AABS80C, 
AREAS 1 3 4 1 2 3 3 4 
ER PR LP . 	P/8 8 E8 MB L7 P/A A EA . MA LA CA .  'OF M 
ToTS 1.19 14.25 9.82 16,95 18.17 2.15 132.06 29.11 84.44 235.53 29.10 2.17 51.95 15.41 4.60 .00 .00 .00 
°Ts? .18 2.20 1.52 2.62 2.81 .34 20.41 4.50 13.05 36.40 4.50 .34 8.04 2.38 .71 .00 .00 .00 
suIFTRycs BoNr DISTRIBUTION. FOR 
FIELDSAAABBSCC 
AREAS 	1 3 4 1 2 3 3 4 
ER MR LB R/B 3 ES me -L8 . B/A. A EA MA LA . CA CF M 
TOTS .15 4.50 3.69.  10.14 8.00 1.40. 78.24 40.72 '86.41 132.11 14.52 .19 18.80 4.74 2.35 .00 . .00 .00 
0/ST .P5 1.11 .91 2.50 1.97 .34 19.27 10.03 21.28 32.54 3.58 .05 4.63 1.17 .58  .00 :2.00 
H R LR P/8 
TABLE 36 
PROPORTIOHS OF OOMES FOR rACH ERA 
FIELDS A �  ARR n CC 
AREAS 1 3 4 1 2 3 3 4 




RU" 35.0 22.6?. 2P.16 20.13 :?3.96 19.43 14.70 11.41 14.26 9.21 6.83 19.24 17 .so 15,69 1�.25 ,00 •. oo .oo 
S�ALL 
RU'i S*'. *'F. !in.M 5?,.23 4«?.98 0:2.78 49.19 53.56 36.93 42.38 58.17 62.16 74.35 60.59 61f.50 57.40 .oo .oo .oo 
SUI r .• 77 1s.s7 1':l. 61 29.e9 23.�6 31.38 31.74 51.66 43.36 32,63 31.01 6.41 21.91 19.E\3 29.35 • no . , 00 
.oo 
R LR P/!3 
TABLE 37 
LARGC RU�INANTS BONE OISTRIBUT?ON FOR 
FIELDS A A ABB O CC 
AREAS 1 3 q 1 2 3 3 4 
WEIGHTED 
8 rn LB R/A A CA LA CJ\ M 
----------------------------------------------------�------------------------------------------------------------------------------
TOT� 7,h:3 5'�,83 5:>, 9,� 68.?.9 1'!2, 111', e,67 
� 
DIST ,47 3. 31.l '1,27 4,22 5,r,9 ,54 
H R ER LR P/!3 
362."'2 E\9. 9? 2eq, 25 372,75 3;,,00 5,63 
22,37 5,55 17,55 23.01 1,98 ,3!1 
S�ALL RU�INANTS BO�E OISTR1PVTI0N FOR 
B 
FlfLCS A A AO A 8 CC 
AREA� 1 3 4 1 2 3 3 4 
WEIGHTED 
EB LB A/A A 
150,12 37,'ifi 10,62 .oo .oo .oo
'=',27 2,31 .66 .oo .oo .co 
tA MA LA CA 
------------------------- ----------------------------------------------------------·------------------. ----------------- -------·-
rcrs 1, 19 14,25 CJ,82 16.95 18.17 2,19 
'.'\: 
DIST .1.a 2.20 1. 52 2,62 2,Al ,34 
H R ER LR P/B 
132.06 2ci.11 84,q� 235,53 29,10 
20,41 4,50 13,05 36,40 II, 50 
SUIFORrES BONE DISTRIBUTION FOR 
rIELOS A A A 8 B n CC 




8 rn MB tB R/A 
2.11 51.99 15,41 4,60 .oo .oo .oo 
,34 8,04 2,38 ,71 .oo .oo .oo 
A EA MA lA 
----------------------------------------------------------------------------------------------------·--------------------- ---------
TOTS .• ?.:ll 9.00 7,38 20.�7 16.0l 2,80 15S 1 ti8 81,45 1n.e2 264.22 29,03 ,38 37.61 9,48 4,71 .oo .oo .oo 
� 




At.:yr1AL H R CR Ul P/8 
TABLE 38 
PROPORTIONS OF BONES FOR EACH ERA 
. FIELDS A A ABBR CC 
AREAS l 3 4 1 � 3 3 4 
WEIG�{TEO 
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Figure 11: Quantitative Chronology of Bone Distribution 
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Figure 15: Quantitative Chronology of Bone Distribution 
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Figure 16: Proportional Chronology of Bone Distribution 
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ABS.TRACT 
This study is a statistical analysis of the osteo­
logical remairis found at Caesarea Maritima in Israel during 
the 1972 -Archaeological Expedition to that city. It is limited 
to the following animal_ groups: Large Rum;i.nants, Small 
Ruminants, Suiformes and Equidae. 
Included in the introduction is a section on field 
and laboratory techniques. The use of edge-punch cards for 
data retrieval is explained and the excavation, cleaning, 
numbering and identifying of the bones is described. 
No positive conclusions are drawn from the data but 
some important·inferences and postulates are included in 
. the report. A statistical chronological analysis of the 
bones, in correlation with the pottery associated with it, 
produced, with the aid of a computer, a picture of how the 
meat eating habits of the Caesareans changed during the history 
of the city. The results of another analytical approach 
hint that one of the excavation fields represented a population 
with different eating habits from the other two. Another 
field produced osteological evidence of being non-residential. 
Significant concentrations throughout the fields are dis­
cussed with their possible implications. For instance, the 
statistical analysis of one of them gave possible evidence 
that it was near a slaughter house or butcher shop. 
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